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ABSTRACT 


CP/M-P6  is  a  microcomputer  (INTEL  809b)  operating  system 
developed  and  marketed  by  Digital  Researcn.  Tne  operating 
system  is  designed  sc  that  a  user  can  adapt  tne  system  to 
Ms  own  input/output  nardware  devices.  TMs  tresis  develops 
interfaces  to  two  floppy  disx  controllers,  tne  iSBC  201 
(single  density)  and  tne  iSBC  202  (double  density' 
controllers.  Tne  interface  includes  tne  writing  of  a  boot 
loader  embedded  in  tne  iSBC  9b?  Execution  Vehicle  Monitor, 
tne  monitor  system  for  tne  INTEL  iSBC  S6/12  single  board 
computer.  Also  included  is  an  interface  module  for  tne  cold 
start  loader  (loader  BIOS )  and  an  input  and  output 
Interface,  BIOS.  A  design  for  tne  interface  module  of 
typical  systems  Dased  on  Winchester  technology  hard  disics  is 
also  presented. 


4 


T Aiil.fi  OF  CONTENTS 


I.  INTRODUCTION . It? 

A.  PURPOSE  OF  THIS  THESIS . If 

B.  HISTORY  OF  MICROCOMPUTER  OPERATING  SYSTEMS _ If 

C.  ADAPTATION  TO  THE  USER'S  ENVIRONMENT . 12 

D.  ORGANIZATION  OF  THIS  THESIS . 13 

II.  STRUCTURE  OF  CP/M-86 . 15 

A.  OVERVIEW . 15 

B.  ORGANIZATION  OF  CP/M-86 . lo 

C.  CCP  BUILT-IN  AND  TRANSIENT  COMMANDS . 17 

1.  Transient  Program  Execution  Models . 19 

a.  Tne  8080  Model . 19 

b.  Tne  Small  Model . 20 

c.  Tne  Compact  Model . 21 

2.  Transient  Program  Setup  and  Termination .. .22 

D.  BDOS  Summary . 23 

E.  BIOS  Summary........... . 24 

III.  INPUT/OUTPUT  DEVICES . 27 

A.  LOGICAL  I/O  DEVICES . 27 

B.  PHYSICAL  I/O  DEVICES . 27 

C.  DISK  DEVICES . 28 

1.  Hard  Disxs,  Floppy  DISKS . 28 

2.  Organization  of  Data . 28 


5 


•m 


3.  Interfaces  to  tne  Computer . 29 

4.  Examples  of  Particular  Controllers . 31 

a.  1SBC  201  (Single  Density  MDS ) . 31 

(1)  iSBC  201  Controller  Operation. .. .31 

(2)  BIOS  Use  of  tne  iSEC  201 . 34 

(3)  Bootstrap  Use  of  tne  iSEC  2fcl....3b 

o.  iSEC  202  (Double  Density  MDS) . 35 

(1)  iSEC  202  Controller  Operation ... .3b 

(2)  BIOS  Use  of  tne  iSEC  202 . 36 

(3)  Bootstrap  Use  of  tne  iSEC  202. ...36 

c.  REMEX  8DV  3200 . 3b 

(1)  Tne  RD'V  Controller . 3^ 

(2)  BIOS  Use  of  tne  RDW  3200 . 39 

(3)  Bootstrap  Use  of  tne  RDV  3200. ...40 

17.  ALTERATION  OP  CP/M-66 . 41 

A.  CHANCES  REQUIRED  TO  IMPLEMENT  CP/M-66 . 41 

B.  DISK  PARAMETER  TABLES . 42 

C.  COLD  START . *4 

1.  Tne  Coll  Start  Loader . 44 

2.  Tne  Bootstrap  ROM . 4b 

7.  CONCLUSIONS  AND  RECQ.VMENDATI ON S . 4? 

A.  ADAPTATION  DIFFICULT? . 4? 

B.  RECOMMENDATIONS  FOR  FUTURE  HARD  DISK  ADDITION . 49 

1.  Discussion . 49 

2.  Template  for  Adaptation . 49 

APPENDIX  A  -  SINSLE  DENS  IT?  BIOS  LISTING . b2 


6 


I.  INTRODUCTION 


A.  PURPOSE  OF  THIS  THESIS 

Tne  adaptation  of  CP/M-t?6  to  tns  nardware  aescrioed 
nerein  was  undertaken  to  provide  ar.  operating  systen  for 
P2B6  processor  based  single  boari  computers  at  tne  Naval 
Postgraduate  Scnooi.  Tnis  operating  system  will  support 
software  development  and  system  emulation  for  tne  AEGIS 
modeling  project.  Tne  software  will  oe  available  for  general 
use  at  NPS.  In  addition  tne  experience  of  modifying  an 
operating  system  provided  tne  autnor  witn  an  opportunity  to 
learn  about  microcomputer  .hardware  and  microcomputer 
operating  systems. 

3.  HISTORY  OF  MICROCOMPUTER  OPERATING  SYSTEMS 

Tni s  is  a  brief  overview  of  tne  nistory  of  microcomputer 
operating  systems  summarized  from  Ref.  1.  It  is  necessarily 
brief  as  tne  advent  of  microcomputer  operating  systems  is 
itself  ratner  recent.  Microcomputers  came  of  aee  witn  tne 
construction  of  tne  entire  central  processor  on  one  cnip, 
tne  replacement  of  core  memory  witn  inexpensive  mass 
produced  semiconductor  memory,  tne  availability  of  tne 
floppy  disk  and  tne  standardization  of  disnett0  format.  At 
first,  tne  primary  applications  of  microcomputers  were  in 
real-time  control  systems  sucn  as  macnine  controlled  tools. 
In  sucn  applications,  process  management  is  tne  main  tnrust 
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and  system  I/O  Is  negiigiDle.  Tms  required  a  simple, 
■'ustcmized  operatic?  syster.  Tne  first  mi'-rc^omputer 
operating  systems,  more  properiv  called  executive  systems, 
were  for  real  time  applications.  As  microcomputer  systems 
cecame  less  expensive,  it  oecame  oossicie  to  aevote  a  system 
to  a  sinele  user  as  a  program  development  tool.  Tr.is  use 
presented  tne  need  for  nig.oer  level  language  support,  wmcn 
meant  that  an  operatic?  system  nad  to  interface  one  or  more 
programming  ianeuagefs)  to  tne  Hardware.  Several 
microcomputer  manufacturers  nave  produced  tr.eir  own 
operatin?  systems.  Tnese  operating  systems  are  specifically 
designed  for  a  ’’computer  system"  and  are  generally  not  user 
con  f  igura  Die  . 

Uniiie  tne  large,  powerful  operating  systems  found  in 
mainframe  and  laree  minicomputer  timesnarin?  systems, 
Ticrocompute  r  operating  systems  are  relatively  austere  an 
simple.  One  of  tne  primary  reasons  for  t.ois  difference  is 
tpat  a  microcomputer  is  usually  a  single  user  system  (witn 
some  exceptions).  As  a  result,  tne  operatic?  system  does  not 
need  to  provide  features  sucn  as  memory  protection,  process 
scnedulin?  and  time  snarin?  of  tne  CPU(s).  .besides  tr.e 
simpler  interface  required  of  a  microcomputer  operating 
system,  tne  operatic?  system  and  tne  applications  pro?rams 
must  function  in  a  snail  amount  of  primary  stora?e, 
typically  tetween  lbK  and  64K,  as  compared  to  several 
megacytes  in  tne  large  mainframes.  Even  tnougn  relatively 
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small  and  simple,  a  microcomputer  operating  system  must 
still  provide  file  management,  process  management  am  I/O 
managemen  t . 

Two  representative  microcomputer  operating  systems  are 
ImTEL's  ISIS-II  and  Digital  Researcn's  CP/^-Stf.  To  operate 
under  ISIS,  tne  user  requires  a  minimum  of  of  primary 
storage.  Tne  CP/y  user  requires  a  minimum  of  ieiC.  Botn 
provide  tne  basic  functions  required  of  an  operating  system. 
ISIS,  nowever,  will  only  run  on  an  INTEL  computer  system 


configuration 

and 

is 

no  t 

user  modifyaoi 

e.  CP/M-fck?  is 

designed  to  run 
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any 
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mi crocomputer 
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tne 
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tne 

program  module 

containing  tne 

nardware 

dependencies . 

Tnis 

factor  aior.e 

mates  CP/'i  popular  and  nas  resulted  in  tne  production  of 
many  CP/!''*  compatible  utility  and  application  programs  cy 
otner  companies.  ISIS  nas  some  features  beyond  tnose  of  Ct/'*. 
in  tne  area  of  development  software  for  INTEL  naraware. 
CP/M's  dynamic  debugger  (DDT),  nowever,  is  more  powerful  ar.d 
easier  to  use  tnan  INTEL'S  ICE  system.  Botn  ISIS  and  CP'Y 
support  essentially  tne  same  file  operations.  Currently, 
because  of  its  flexibility,  C?/'<1  is  tne  most  widely  used 
microcomputer  operating  system. 

f^ulti-user  systems  sucn  as  ^p/M  and  microcomputer 
networK  systems  sucn  as  CP/NET  (ootn  produced  oy  Digital 
Researcn),  are  now  available. 


C.  ADAPTATION  TO  THE  USER'S  ENVIRONMENT 

Digital  Researcn  nas  attempted  to  ma£e  tneir  CP/'4 
operating  systems  as  flexible,  in  terms  of  nard*ar=  suite, 
as  possible.  The  method  used  is  modular  programming.  Tr.e 
user  interface,  t ne  Console  Command  Processor  fCO?)  nas  r.o 
hardware  dependencies  other  man  t.n?  CrU.  I  r.e  file 
management  system,  tne  Basic  Dis«  Operating  System  <  BjDOS  '  , 
is  also  independent  of  Hardware.  3otr.  tne  COP  and  tre  ETCS 
are  interfaced  to  tne  Basic  Input/Output  System  f3I05) 
through  logical  I/O  devices  and  logical  lisK  devices.  Tne 
BIOS,  tnen,  contains  tne  logical  device  to  pnysicai  device 
translation  routines.  Adaptation  of  tne  operating  system  to 
a  unique  environment  requires  only  tne  modification  of  tne 
appropriate  BIOS  routines,  greatly  simplifying  tne 
alteration  process. 

On^e  one  nas  successfully  completed  one  adaptation, 
folio w— on  adaptations  will  oe  mucn  easier  to  ac.meve  as  an 
understanding  of  tne  operating  system  and  its  interface 
procedures  Is  developed  along  witn  a  better  understanding  of 
microcomputer  arcnitecture  in  general. 

E.  ORGANIZATION  OF  THIS  THESIS 

Tnis  tnesis  is  organized  as  a  blueprint  for  alteration 
of  tne  CP/M-H5  operating  system  to  any  specific  hardware 
configuration.  Tnis  metnodoiogy  win  also  serve,  at  least  in 
general,  for  tne  alteration  of  any  operating 


crief 


sys tem-to-na rdware  interface.  Cnapter  l  is  a 
introduction  to  microcomputer  operating  systems  in  general 
and  tne  modification  of  tne  CP/^-bfc  operating  system  m 
oarticuiar.  Cnapter  '&  reflects  tne  investigation  of  tr.e 
candidate  operating  system  in  order  to  understand  now  to 
adapt  it  to  tne  existing  nardware.  Cnapter  c  is  a  summary  or 
tne  study  of  tne  typical  floppy  lisle  or  'rfincnester 
tecnnoiogy  iiss  and  a  loo*  at  possime  nardware  '-anaidates. 
Cnapter  4  covers  tne  adaptation  of  tne  I/O  interface  module 
(BIOS )  and  tne  bootstrap  program  for  tnese  versions  of  tne 
operating  system.  Cnapter  5  discusses  some  of  tne 
difficulties  encountered  and  a  plan  for  adapting  CP/'l-sb  to 
a  card  dis«.  Tne  appendices  contain  tne  programs  developed 
as  part  of  tnesis  and  one  of  tne  programs  wnicn  was  used  as 
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II.  STRUCTURE  OF  CP/M-BS 

A.  yfvorr  im 

CP/^-Bb  is  a  microcomputer  operating  system  for  I*, 'TIL 
CORPORATION'S  3036  processor  cased  microcomputers.  It  is  tee 
logical  successor  to  CP/v.-32,  a  similar  operating  system 
developed  and  marieted  cy  Digital  P.esearcn  dor  tee  INTI! 
d/b0  processor.  File  cornpat i oili  ty  nas  seen  preserved  *i  tn 
an  previous  versions  of  CP/B.  CP/!-1  provides  a  general 
environment  for  program  const  ruction ,  storage,  editing, 
execution  and  deeugging.  Tne  file  structure  of  version  of 
CP/'1-B0  is  usel,  allowing  as  many  as  sixteen  drives  vritn  up 
to  eignt  meeatytes  on  eacn  drive. 

CP/^-SS  offers  cuiit-in  utility  commands,  system 
transient  commands  and  tne  capaoiiity  of  executing  user 
defined  transient  commands  (programs).  Among  tne  system 
transient  programs  are  an  Intel  compaticie  assemoier  ' AS vb6 ) 
and  a  dynamic  macnine  language  program  debugger  (DDT).  T.dey 
are  descriDed  in  detail  in  Digital  Researcn's  puciicatior.s 
[Ref.  2]  ar.1  IP.ef.  bj  respectively. 

A  powerful  feature  of  CP/^  is  its  modularity.  One  of  tne 
tnree  modules  cf  tne  operating  system,  tne  Basic  I/O  System 
OIOS),  defines  tne  nardware  environment  for  tne  system.  As 
a  result  of  tnis  modularity,  CP/'i-db  can  oe  modified  to  run 
on  anv  B0b5/30HB  processor  cased,  single  processor  computer 


system  by  merely  changing  tne  BIOS.  A  more  detailed 
description  of  C?/M  ana  its  features  is  contained  in  Digital 
Research's  pu bl i ca t i ons  [Ref.  4j  ,  l?.ef.  5]  and  IRef.  b]  . 

3.  ORGANIZATION  OP  CP/*-36 

The  sources  of  CP/M-eb  information  for  t.nis  paper  are 
[fief.  4J  ,  [P.ef.  5J  and  [Ref.  ej  .  Tnis  cnapter  freely 
summarizes  tne  relevant  material  to  tnis  tnesis. 

Tne  operating  system  Is  contained  in  file  "CPM.SYS”. 
"CPM.SIS"  contains  tnree  program  modules:  tne  Console 
Command  Processor  (COP),  tne  Basic  Disic  Operating  System 
(BOOS),  and  tne  user-configurable  Basic  Input/Output  System 
(BIOS).  Tnis  modularity  allows  tne  CCP  and  EDOS  to  be 
independent  of  tne  hardware  in  wnicn  tne  system  is 
implemented . 

Tne  CCP  is  tne  system's  interface  to  tne  user's  console. 
It  translates  tne  user's  commands  into  CP/M  system  cans  in 
order  to  carry  out  tne  desired  action.  Tne  EDOS  module 
provides  ail  tne  distf  and  file  management.  Tne  BIOS  contains 
all  tne  nardware  dependent  features  and  interfaces.  Tne 
operating  system  executes  in  any  portion  of  memory  above  tne 
interrupt  locations,  waiie  tne  remainder  of  tne  address 
space  is  partitioned  into  as  many  as  signt  non-con tiguous 
regions,  as  defined  in  a  table  in  tne  BIOS. 

CP/M-96  is  too  large  a  program  to  fit  in  tne  first  two 
(system)  tracts  of  a  diskette.  As  a  result  tne  boot  loader 
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loads  into  memory  a  cold  start  loader,  called  "LOADER .  CVD" , 
from  tne  first  two  tracts.  Tne  boot  loader  mates  tr.e 
appropriate  initializations  ana  tfien  transfers  program 
control  to  tne  cold  start  loader.  Tne  cold  start  loader, 
wnicn  is  essentially  a  subset  of  "CPM.SYS",  finds  "CPM.SYS" 
on  tne  system  list,  loads  it  into  memory,  mates  tne  proper 
initializations,  and  finally  transfers  control  to  tr.e 
operating  system. 

C.  CCP  RUILT-IN  *  TRANSIENT  COMPANDS 

Tne  operation  of  CP/M-Sb  is  similar  to  tnat  of  CP/M-“t. 
Upon  cold  start  tne  operating  systen  sisns  on  and  drive  A  is 
logged-in,  CP/M-S6  tnen  waits  for  an  input  command  line. 
Tnere  are  five  built  in  commands: 

DIP  -  displays  tne  directory  of  tne  designated  drive 

ERA  -  erases  tne  specified  directory  entry  on  tne 
designated  drive 

REN  -  renames  tne  designated  file 

TYPE  -  tyues  tne  designated  file  to  tne  losical  ''cr.sole 
le vi ce 

USER  -  cnanges  user  directories  in  multi-directory 
systems 

Also  tne  command  line  mav  begin  witn  tne  name  of  a 
transient  program  witn  tne  assumed  file  type  of  CMD.  CMD 
stands  for  "command  file"  and  is  used  to  differentiate 
CP/M— 8b  transient  command  flies  from  COM  files  under  CP/M-t'O 
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wmcn  serve  tne  same  purpose.  Transient  programs  ere  xoaaed 
Into  memory  in  tne  Transient  Program  Area(s)  (TPA),  as 
defined  in  tne  BIOS,  in  stacK  order. 

CF/M-tib  supports  programs  written  in  tnree  memory 
models:  tne  Bfc‘94J  model,  tne  Snail  model  ar.d  tne  Compact 
•n  o  a  e  i  . 

Tne  B0“0  model  supports  programs  union  are  lirectly 
translated  from  CP/v-B0  wnen  code  and  data  areas  are 
intermixed.  Tne  model  consists  only  of  a  code  group  wnion, 
m  turn,  is  normally  a  single  segment  of  b'4E  or  less.  Tne 
operating  system  and  tne  '■old  start  loader  are  written  in 
tne  B030  model. 

Tne  Small  model  suoports  programs  wr.ere  tnere  is  a 
separate  "Ode  and  data  group.  Normally  tne  S^ali  model 
programs  are  b4K  or  less. 

Tne  Compa-t  model  occurs  wnen  any  of  tne  extra,  stacic  or 
auxiliary  groups  are  present  in  tne  program.  2acn  group  may 
consist  of  one  or  more  segments. 

Tne  tnree  models  differ  primarily  in  tne  manner  in  wfiicn 
tne  segment  registers  are  initialized  upon  transient  program 
loading.  Tne  operating  system's  program  loaa  function 
determines  tne  memory  monel  used  Dy  tne  transient  urogram  ry 
examining  tne  program  group  used.  All  tnree  models  a  re 
discussed  ir.  more  detail  In  tne  next  section. 


1 .  Transient  r ro?r  ir  Fxecut  1  or.  *oi5l  a 

Tne  initial  values  of  tne  serment  registers  are 
:?t°rrinei  cy  to e  ”-"smory  r.ozsl”  of  tne  transient  program 
and  are  descriced  la  tne  r'lie  reader  generated  ty  tee 
program  "SENC^D.CMD"  cr  ”GE'iCvE  .CO?''" .  Tr.e  tnree  nereis  are 
depicted  m  Figure  1. 


!  b?b?  Yodel  ! 

Code  am  Data  Groups  Overlap  ’ 

!  Small  Yodel  ! 

Independent  Coie  S.  Data  Groups  ! 

!  Compact  Moaei 

!  Tnree  or  More  Independent  Group1:  ! 

Figure  1  Transient  Program  memory  voieis. 
a.  The  “060  Foiel 

Tne  30b0  Yodel  is  assumed  wnen  t.ne  transient 
program  contains  only  a  cole  group  (containing  ootn  core  anl 
lata).  In  suen  oases,  tne  C 5,  DS  am  SS  registers  are  an 
initialize!  to  tne  Beginning  of  tne  core  group,  voile  tne  SS 
am  S?  registers  renal n  set  to  a  9fcf-cyte  staos  area  in  tne 
CCF.  Tne  Instruction  Pointer  (IP)  is  set  to  100  H,  similar  tr 
CP/Y-b0.  Tne  intermixed  coae  ani  lata  regions  are 
imistinguisnaoie .  Tnis  model  allows  simple  translation  of 
e?e0,  b0bp  anl  Zfe?  cone  into  tne  rk:BS  am  b0bb  environment. 
Following  program  loan,  tne  fc0~0  Yodel  appears  as  ir.  Figure 
z,  vnere  low  addresses  are  snowr.  at  tne  top  of  tne  iisgran. 
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ss 


Stac-c 


SS  ♦  SP : 


DS ,  £S  : 


DS  +  QlVIiE: 


ip  *  et'ceK 

code 


case 

page 


data 


Figure  3  Tne  St^ij.  Memory  Model. 


c.  Tne  Compact  Modex 

Tr.e  Compact  Model  is  assumed  ween  separate  code 
and  data  groups  are  present,  along  »itn  one  or  more  of  tea 
remaining  groups.  In  t.ois  case,  tne  CS ,  DS  and  SS  registers 
are  initialized  to  tne  base  address  of  tneir  respective 
areas.  Tie  SS  aci  SF  registers  remain  in  tne  CCP  area.  If 
tne  user  intends  to  use  tne  stacs  group  as  a  stacc  area,  tr.e 
transient  program  must  set  tne  SS  anl  SP  registers  upon 
entry.  Tne  initial  configuration  of  tne  segment  registers  in 
tnis  model  is  scovn  in  Figure  4. 
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!  CC?  ! 

;  ! 

!  Stactt  ! 


SS  -  SP: 
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Dase 
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f 
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J 
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f 

data 

? 

f 

j 
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; 

J 

F 

data 

J 

f 

1 

Figure  4  Tne  Compact  memory  Model. 

Tie  values  of  tne  various  segment  registers  ran 
oe  programmatically  cnanged  luring  execution  oy  cnanging  tne 
values  in  tne  base  page  as  described  in  tne  preliminary 
documentation,  tnus  allowing  access  to  tne  entire  memory 
space. 

2.  Transient  Program  Setup  And  Termination 

Similar  to  CP/M-90,  tne  CCP  parses  up  to  two  file 
names  following  tne  command  ana  places  tie  properly 
formatted  File  Control  Biocics  (FCB's)  at  locations  04525CH 
and  4326CH  in  tne  base  page  relative  to  tne  DS  register. 
?Jnier  CP/M-Btf,  tne  default  DMA  (direct  memory  access) 
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address  is  initialized  to  in  tae  base  page.  Due  to  tae 


segmented  memory  of  tae  btfb6  ana  bebb  processors,  tne  DMA 
address  is  iiviaea  into  two  parts:  tae  DMA  segment  acaress 
ana  tne  DMA  offset.  Also,  unaer  CP/M-b6,  tne  default  EVA 
case  is  set  to  tne  value  of  DS,  and  tne  default  DVA  offset 
is  initialized  to  Kfc'btfF.  Tnu$,  C?/v-be  ana  CP/M-85  operate 
in  tne  same  way  in  tnat  they  eotn  assume  tne  default  DMA 
address  is  tne  second  naif  of  tne  Dase  paee . 

Tne  CCP  transfers  control  to  tne  transient  prceram 
tnrougn  an  9086  "Far  Call."  In  all  but  one  case  of  tne 
Compact  Model,  the  transient  proeram  may  choose  to  use  tne 
96-byte  CCP  stacs,  and  optionally  return  directly  to  tne  CCP 
upon  program  termination  by  executing  a  "Far  Return.” 
Programmatic  termination  also  occurs  wnen  3D0S  function  zero 
is  executed.  The  operator  may  terminate  program  execution  by 
tvping  a  single  CONTROL-C  during  line  edited  input.  Tnis  nas 
tne  same  effect  as  programmatic  execution  of  BDOS  function 
zero.  Contrary  to  tne  operation  of  CP/M-345,  no  disic  reset 
occurs  and  tne  CCP  and  BDOS  modules  are  not  reloaded  from 
tne  disic  upon  program  termination.  In  snort,  for  tne  user 
familiar  with  CP/M-80,  the  CP/M-86  environment  is  very 
similar,  tut  more  powerful. 

D.  BDOS  SUMMARY 

Entry  into  tne  BDOS  is  made  tnrougn  tne  ~£be  software 
interrupt  *  224.  Tne  BDOS  is,  essentially,  a  set  of  59 
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functions  of  t.nree  oaslc  types;  simple  functions,  fiie 
operations  and  extended  operations.  Tne  interface  convention 
for  BEOS  calls  requires  tnat  function  cone  oe  passed  in 
register  CL  witn  parameters  passed  in  register  n  cr  EX 
depending  on  wnetner  it  is  a  oyte  or  word  value.  Byte  values 
are  returnel  in  tne  AL  register  ana  word  values  in  registers 
AX  and  BX.  Taole  1  Delov,  from  Reference  5,  summarizes  tnese 
conventions.  A  full  description  or  eacn  BDOS  function  is 
given  in  [Pef .6 ] . 
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Tacle  1  BEOS  Parameter  Conventions. 


E.  BIOS  SUMMARY 

Tne  BIOS  is  loaded  into  memory  just  acove  tne  CCP  ana 
BEOS  modules  as  illustrated  in  Figure  5. 

Since  tne  BIOS  may  ce  configured  oy  tne  user,  it  ray 
vary  sonewnat  in  iengtn .  Individual  routines  wit a  in  tne  PICS 
mav  oe  at  different  memory  locations.  In  oraer  to 
standardize  tne  interface  to  tne  BIOS,  all  accesses  to  tne 
BIOS  are  made  tnrougn  tne  jump  vector  at  tne  ceginning  of 


tnat  module.  Tne  BIOS,  liie  tne  BDCS,  also  r.as  parameter 
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Uninitialized  ! 

3 crater,  aam  ! 

Figure  5  Memory  location  of  tr.e  PICS. 


oassine  conventions.  Parameters  for  routines  in  tr.e  PICS  are 
passed  in  tne  CX  resister  ana  tre  EX  resister  *nen  requirei. 
Byte  values  are  returned  in  tne  SI  register  arc  worn.  values 
in  BX. 

Tnere  are  tnree  major  types  of  routines  in  tne  BIOS: 
system  initialization/reinitialization,  simple  character  I/O 
and  disi  I/O.  All  simple  cnaraeter  I/O  operations  are 
assured  to  be  in  ASCII,  bot.n  upper  and  lower  case,  *itn  tre 
r.ign  oroer  (parity)  bit  set  to  zero.  CP/M  sees  axi 
peripneral  levices  as  "loeical”  levices.  Translation  from 
logical  device  selection  to  pnysical  nevice  assignment  is 


a~coT-Di i sned  ir.  tne  £ICS,  tnus  isolatin'?  tne  CCF  ac".  PTCo 
f  ron  narnware  dependencies.  BIDS  routine  entry  is  expiamei 
in  Digital  Researcn's  publication  i Ref .  SJ  .  Tne  TIGS  also 
contains  tne  Disk  Parameter  Taties  wmcn  contain  tne 
description  of  tne  disK  drive  and  provide  a  scratTpai  area 
for  certain  3DOS  operations. 
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Ill  .  INPUT /OUTPUT  DEVICES 

In  CF/d-BS  the  CCP  and  SDOS  accomplish.  ail  I/O  via  four 
logical  devices,  Tne  BIOS  assigns  vnatever  pr.ysicai 
devices  are  in  tnat  particular  system  to  tr.ose  logi"*! 
cevices.  Tms  napping  in  tne  BIOS  preserves  tr.e  independence 
of  tne  CCP  and  BDOS  froir  tne  nardware  configuration. 

A.  LOGICAL  I/O  DEVICES 

CP/M-sb  adlresses  four  logical  I/O  devices:  tne  console* 

lae  ^evice*  ^ne  Pu^cn  device  and  ^ne  reacer.  Tne 

console  is  tne  principal  interactive  peripnera l  t r.rouen 
wnicn  tne  operating  svstem  communicates  witn  tne  operator. 
Tr.e  list  device  is  tne  principal  iistine  levice,  usually  a 
nardcopy  pri nter.  Tne  puncn  aevi ce  is  tne  principal  tape 
puncrine  device,  usually  a  ni*n-speed  paper  tape  puncn  or 
teletype.  Tne  reader  is  tne  principal  tape  reading  device. 
.Vnen  tne  "lOBYT.S”  function  is  implemented ,  dyr.ani"  logical 
to  pnysicai  device  mapping  may  oe  accompiisnea  as  nescnted 
in  Ref.  fc>. 

D.  PHYSICAL  I/O  DEVICES 

The  CONIN,  CONOUT,  LISTOUT,  PUNCH  and  READER  routines  in 
the  BIOS  define  tne  pnysicai  interfaces  with  peripherals. 
Tne  system  adapter  may  define,  in  tne  BIOS,  sues  aevices  as 
tape  recorders  etc.  so  lone  as  it  is  interfaced 
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cassette 


•  itn  one  of  tne  logical  devices.  In  tais  adaptation  tne  list 


device  and  tne  console  device  are  ootn  mapped  to  tne  serial 
eiee  connector  wnere  tne  CRT  console  is  connected.  Tie 
reader  is  "stubbed"  wltr.  an  "end  of  file"  input,  mat  is, 
instead  of  a  routine  to  interface  a  pnysicai  read  device, 
tne  jjIOS  simply  returns  an  indication  mat  tne  read  .oas  -eer. 
complete.  And  tne  puncn  device  nap  is  "stunted"  *  i  t  n  a 
return  statement. 

C.  DISH  DEVICES 

1 .  Hard  Disics,  t'loppy  Disics 

Tnere  are  many  implementations  of  tne  nari  dis* 
tecnnologies .  Tnere  are  fixed  anc  movarie  nead  cisis, 
removable  dis*  pac.ts  and  even  combination  nard  and  floppy 
systems.  Eloppy  lis*ette$  come  mair.iy  in  tne  5"  ar.d  3"  sire, 
single  and  double  density,  sin?ie  ar.d  double  sited,  ar.d  as 
indicated  above  in  combination  witn  naro  ais*s. 

3.  Organization  of  Data 

Aitaoucn  eacn  lisle  drive  v-ay  ce  different,  data  is 
stored  in  conceptually  tne  same  manner.  Tne  4 is*  surface  is 
divided  into  traces  for  cylinders,  if  a  multi-platter 
system.)  Eacn  trac*  is  divided  into  sectors.  Eacn  sector  is 
addressable  cv  tne  controller,  matting  it  tne  basic  unit  cf 
storage.  In  multi-platter  and/or  rulti-nead  systems,  to 
access  tne  dis*  tne  controller  must  select  tne  pm  per 
nead/piatter  as  well  as  tne  trac*  anc  sector  required. 


Tne  amount  or  lata  tr.at  ~an  oe  stored  on  a  cevi-e  is 
dependent  on  tne  size  of  tne  device  ar,i  tne  reccrcirg 
format.  Dou  ole  density,  as  tr.e  r.are  implies ,  gives  twi  ~e  as 
mucn  storage  on  a  diskette  as  single  lensitv.  Tne  cost, 
now ever,  is  ereater . 

Aitnous’n  tne  tasic  unit  of  storage  is  tne  sector, 
sectors  are  not  tne  same  size  in  every  system.  In  general, 
tne  larger  tne  sector,  tne  more  efficient  tne  storage,  tut 
tne  less  efficient  tne  access,  ^any  systems  allow  tne  user 
to  select  tne  sector  size  from  a  limited  set  of  entices . 
Sectors  are  normally  a  multiple  of  I2S  nytes. 

3.  Interfaces  to  tne  Computer 

Tne  icey  to  tne  storage  of  information  on  tne 
recording  media,  at  least  from  tne  operating  system 
modifier's  point  of  view,  is  tne  disic  drive  controller.  Tne 
controller  itself  is  usually  a  •’"ic  re  programmed 
nicroprocess or.  Tne  controller  nancies  tne  actual  reading 
from  and  writin?  to  tne  lisi  in  adiition  to  otner  lunations 
suen  as  seeic ,  f orma t  etc.  Tr.e  relative  autonomy  of  tne 
controller  frees  tne  operating  system  rrem  ravin*?  to  n.andie 
disu  I/O  on  a  primitive  level.  However,  tne  3I0S,  »mcn  is 
narlware  specific,  must  still  ''ommunicat3  witr.  tre 
controller  at  a  fairly  low  level. 
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parameter  blocs”  or  some  similarly  descriptive  nam^.  T-.e 
"pacicet”  is  usually  seven  to  ten  oytes  or  information  wni-r. 
contain  tne  detailed  command  for  tne  ais*  drive  controller. 
Tnese  "pacicets”  form  tne  sole  means  of  issuing  I/O  commands 
to  tne  controller. 

Normally  tne  liss  drive  con troiler/i nterra ce  snares 
a  dus  witn  tne  nost  system.  As  a  result  tne  controller's 
command/status  resisters  nave  device  addresses  from  tne  rue . 
In  most  systems,  tney  can  be  set  cv  tne  user  prior  to  system 
start-up. 

Tne  nost  system  sends  tne  address  of  tne  I/O  command 
pacKet  to  tne  command  resisters  of  tne  controller.  Upon 
receipt  of  tcis  aaaress  tne  controller  initiates  action  to 
gain  control  of  tne  dus.  Waer,  tne  controller  nas  control  of 
tne  dus  it  reals  tne  appropriate  numDer  of  Dytes  fro^  tne 
aiiress  it  was  given.  Tne  controller  decodes  tnis 
information  and  tnen  carries  out  tne  presences  operaticr. 
Tne  controller  may  signal  completion  ir.  various  ways,  tne 
most  common  being  entering  a  completion  code  in  tne  command 
nacicet  for  tne  nost  to  read,  senline  an  interrupt  to  tne 
nost  processor,  or  storing  tne  status  ir.  an  on-ooari  status 
register  for  tne  nost  to  read. 

Many  systems  allow  tne  DMA  to  be  "tnro tried" ,  tnat 
is,  tne  controller  elves  up  control  of  tne  dus  periodically 
in  order  to  increase  overall  system  speed. 
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3 1  n  ?  r  features  commonly  included  in  disc  drive 
controllers  are:  1  i nicei  I/O,  mat  is,  tee  anility  to  execute 
rcre  tnan  one  I/O  command  pactet  witnout  prompting  from  tne 
nost  processor.  Multiple  sector  I/O,  tnat  is,  tne  ability  to 
read  or  write  more  tnan  one  sector  in  response  to  a  single 
I/O  command  packet. 

4.  Examples  of  Particular  Controllers 
a.  iSEC  201  (Single  Density  mds) 

Tne  iSBC  231,  as  described  in  Ref.  7,  is  tne 
controller/interface  for  INTEL'S  INTELLEC  yDS  Hot',  an  8080 
processor  based  microcomputer  development  system. 

(l)  iSBC  201  Controller  Operation.  Tne 
controller  is  composed  of  two  circuit  boards,  a  cnannei 
ooard  and  an  interface  board.  TRey  interface  witn  tne  Rost 
processor  via  tne  system  MULTI3US,  a  system's  tus  used  by 
INTEL  Corporation.  TRe  cRannel  board  and  interface  board 
togetner  nanlle  an  communications  between  tne  nost  CPU  and 
tne  disrette  system.  TRey  contain  an  8-bit  microprogrammed 
processor  wnicn  can  access  system  memory  for  obtaining 
cnannel  commanls  via  DMA.  TRe  controller  also  monitors  tRe 
disit  subsystem  status  ana  error  conditions  and  rnaias  tnei  r 
status  available  to  tne  nost  CPU. 

Tnis  diskette  system  records  data  cy  tne 
Frequency  Modulation  (FM)  metnoa,  giving  a  formatted  s" 
diskette  capacity  of  approximately  256K  bytes,  divided  into 
77  tracits  of  2b  sectors  eacn. 
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Functi  onaiiy ,  tne  nost  CPU  rust  create  a 
command  oacset  m  memory  for  eacn  operation.  INTEL  calls 
tnis  pacset  an  I/O  Parameter  Blocs  (IOPB).  An  IOPB  is  ten 
bytes  in  lengtn  ana  specifies  ail  tne  aetails  of  tne 
lisse t te  opera ti on  to  be  performed .  Tne  CPU ,  in  tne  case  of 
CP/'i-B6,  tnrougn  tne  BIOS  module,  senas  tne  aadress  of  tie 
IOPB  to  tne  controller.  Tnen  tne  controller  <?ains  control  or 
tne  bus,  retrieves  tne  IOPB  and  executes  tne  corrand.  Upon 
completion  the  controller  posts  tne  diskette  subsystem 
status  and,  if  enabled  by  tne  IOPB,  senas  a  ccmnieticn 
Interrupt  to  tne  nost  CPU.  Tne  information  in  tne  IOPB 
consists  cf: 

Byte  l  -  tne  cnanael  word,  tnis  byte  specifies  tne 

enabling  of  tne  iocs  override,  random  format 
of  tne  iocs  override,  ranaom  format  sequence, 
interrupt  control,  data  word  lengtn,  successor 
bit,  brancn  on  wait  ana  wait  olts. 

Byte  2  -  specifies  tne  arive  seiectea,  data  ier.gta  O 
or  lo  oits/word)  and  tne  operation  to  be 
performed . 

Byte  3  -  specifies  tne  number  of  sectors  to  be 
transferred. 

Byte  4  -  specifies  tne  target  tracs  number  (/-??) . 

Byte  5  -  specifies  tne  first  sector  to  be  accessed  (1- 
25)  . 
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Byte  6  -  specifies  tne  least  significant  byte  of  tne 
buffer  address. 

Byte  7  -  specifies  tne  most  significant  byte  of  tne 
buffer  aaress. 

Byte  y  -  indicates  a  blocs  number  wnicn  allows  a  uniaue 
identification  of  an  IOPB  luring  linked  IOPB 
operations. 

Byte  9  -  contains  tne  least  significant  byte  of  tne 
buffer  address  of  tne  next  lintel  IOPB. 

Byte  lk?  -  contains  tne  most  significant  byte  of  tne 
buffer  address  of  tne  next  lintel  IOPB. 

Tne  iSBC  221  can  execute  seven  ''ommaris: 

1)  recalibrate  (sees  tract  2) 

2)  seet 

3)  format  a  tract 

4)  write  data  (witnout  address  marts) 

5)  write  data 
5)  read  data 

7 )  verify  CRC 

Tne  controller  nas  seven  registers  tnat  are 
accessible  to  tne  dost  CPU.  Tne  nost  CPU  can  read  tnree  of 
tne  registers:  Tne  Result  Status  register  indicates  tne 
status  of  botn  drives  (ready  or  not  ready),  tne  status  of 
tne  controller  for  tnat  drive  (present  or  not  present',  and 
tne  status  of  tne  controller's  interrupt  flip-flop 
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(ir.terrunt  pending  or  completed).  The  Result  Type  reeister 
indicates  wnetner  tne  Result  3yte  register  contairs  I'O 
error  codes  or  ready  status.  The  Result  Byte  holds  tne  I/O 
error  codes  or  diskette  drive  status.  The  nost  C?rJ  car.  write 
to  four  of  the  controller's  registers:  Writing  anythin*?  to 
tne  Reset  Diskette  System  register  resets  the  entire 
diskette  subsystem.  Writing  to  tne  Stop  Diskette  Operation 
register  terminates  I/O  after  completion  of  tne  current 
operation.  The  Memory  Address  Lower  register  receives  the 
least  significant  byte  of  tne  address  of  tne  IOPE.  Tne 
Memory  Address  Upper  register  receives  tne  most  significant 
byte  of  tne  IOPE  address  and  wnen  written  into  signals  tne 
controller  to  retrieve  tne  IOPE  and  commence  the  specified 
operation . 

(2)  BIOS  Use  of  tne  iSEC  201.  Tne  CP/M-Bb  EICS 
uses  only  operations  1.  b  and  5  (sees  is  implicit  in  read 
and  write  operations).  In  addition,  CP/y-Sb  io°s  net  use 
United  IOPE's  and  only  does  single  sector  dis*  accesses. 
This  very  muen  simplifies  tne  I/O  routines  in  tne  EDOS  arn 
tne  BIOS.  Not  using  tne  linked  ICPB  capability  allows 
reducing  tne  IOPBs  to  tne  first  seven  bytes,  of  wnicn  bytes 
1  and  3  remain  constant.  Byte  One  remains  unenangea  because 
tne  mode  of  disi  access  remains  unenanged.  Byte  Tnree,  tne 
number  of  sectors,  remains  set  at  one,  and  tne  operating 
system  is  freed  from  computing  tne  number  of  sectors  per 
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access.  Tr.es  e  simplifications  alio*  tre  El  OS  tc  r.av®  a 
single  I  OPE  template  in  memory. 

A  limitation  of  tre  iSEC  2?i  is  its  lts-rit 
addressing.  Tnis  limitation  means  tnat  tne  controller  car. 
only  address  54?  of  system  memory  as  comparer,  tc  tre  Bkb5 
processor's  meeacvte  of  address  space.  As  a  result.  tne 
external  address  of  tne  iSEC  B5/13  mast  resine  in  tne  first 
54£  of  tne  meeaoyte  (from  to  fc’FFFFK ' .  Tne  BIOS  in 

tnis  adaptation  converts  tne  segment  a  nr  offset  address 
provided  by  tne  EDGE  into  a  16-bit  pnysicai  address  for  tre 
controller. 

(2)  Bootstrap  lTse  of  tne  1S5C  g£l .  Tne  bootstrap 
program  does  use  tne  multi-sector  access  capability  of  tne 
controller  for  loading  tne  cold  start  leader.  Tnis  requires 
four  IOPBs  in  tne  bootstrap  program  but  reduces  tne  number 
cf  disic  accesses  from  63  to  four.  Considering  tne 

specialized  function  of  tne  bootstrap  loaner  and  its  iacr  of 
interface  witn  tne  3D0S,  tnis  is  a  very  efficient  deviation 
from  tne  otner#ise  efficient  CP/M  metnod  of  nisic  access, 
o.  iSEC  2Z2  (Double  Density  MDS ) 

Tne  iSEC  2U2  is  tne  cont ro i ier/ir terface  for 
INTEL'S  INTSLLBC  MDS  S8B  microcomputer  development  system. 
It  is  described  fully  In  Ref.  B. 

(1)  1SBC  '222  Controller  Operation.  From  tne 
users  point  or  vie#  tnis  controller  is  essentially  tne  same 
as  tne  1SBC  22 1.  Tne  main  difference  is  tne  recording 
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format.  MciifieiH*odif  iei  frequency  voaulatior.  Is 
usei,  allowing  tne  same  media  to  ncia  (formatted)  r  1 2 d  rytes 
or  lata,  divided  into  ??  tracKS  or  S2  sectors  eacn.  Tr.is  is 
twice  tne  capacity  of  tne  single  lensity  system. 

(2)  BIOS  Use  or  tne  iSEC  202.  Tne  interface  to 
tne  controller  is  tne  same  as  tnat  of  tne  iS2C  221.  T-e 
difference  in  organization  ana  capacity  is  only  evident  ir. 
tne  aisle  definition  taole  "  DOUBLE .  LIB"  . 

(3)  Bootstrap  Use  or  tne  iSsC  222.  C?/m's  double 
lensity  formatter  formats  tne  first  two  tracts  of  a  diskette 
in  single  density,  ie.  26  sectors  per  tra^tr.  Tne  -'old  start 
loaaer  fits  in  tae  first  two  tracts  of  a  aouoie  density  ir. 
tne  same  way  as  in  single  lensity.  ft.s  a  result,  tfte  same 
bootstrap  program  will  load  tne  coia  start  loader  from  ootn 
single  and  double  density  diskettes. 

c.  REM  EX  P.DV  3222 

Tne  RDM  3220,  as  described  oy  Ref.  9,  Her.  12 
and  Ref.  11,  is  a  multi  drive  unit  consisting  of  a  fired 
Winchester  Technology  14*’  list  and  two  s"  flexible  diskette 
drives.  Tne  diskette  drives  are  "jumper"  selected  as  eitner 
single  or  double  density.  In  Doth  types  tne  sector  size  is 
selectable.  Tne  formatted  capacity  of  tne  fixed  aist  witn 
sector  size  set  at  128  bytes  is  10  megabytes.  This  la ta  is 
on  210  tractcs  of  104  sectors  for  eacn  of  two  read/write 
deads.  Tne  single  lensity  floppy  drives,  formatted  for  129 
bytes  per  sector,  noli  26  sectors  on  eacn  of  tracus  for  a 
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total  of  25SK  bytes  of  storage.  Set  for  double  ler.sity,  to® 
smallest  sector  size  avaiiaoie  is  256  bytes.  At  25  sectors 
per  tracic,  for  77  tracxs,  formatted  storage  is  51<i£  oytes. 
If  tr.is  drive  were  used  for  CP/M-55  in  t ns  douDie  density 
mode,  tne  difference  between  diskette  sector  size  (255 
oytes)  and  CP/M-"6  sector  size  (lift*  cytes^  would  be  Handled 
by  a  " blocxi ng/de dIoc ti ng"  algoritnm  iitce  tne  one  provided 
witn  CP/M-®5. 

(1)  Tne  P.DW  Controller.  Tne  neart  of  tne 
controller  is  a  microprogrammed  Motorola  5b'/£  fc-cit 
microprocessor.  Tne  controller  pnysicaliy  resides  inside  tne 
RDJ  frame  and  is  linxel  to  tne  dost  system  oy  an  interface 
card.  Tnis  alteration  utilized  a  v"JLri5US  interface,  wnicr. 
resided  in  tne  nost's  system  MULTIBUS .  Tne  interface 
provides  registers  for  communication  between  tne  nost  ar.a 
tne  controller  CPU's.  Data  can  oe  nandiel  as  B-cit  words, 
15-bit  words  or  as  5-oit  naif-words.  Tne  controller  car 
accomplisn  I/O  by  £,MA,  programmed  I/O  or  by  interrupts.  All 
disX  writes  are  by  Modlfied-v,odif ied  Frequency  Modulation 
(MMFM).  Tne  disx  drive  system  can  also  be  LMA  throttled, 
wnlcn  permits  otner  masters  to  gain  access  to  tne  system's 
bus  in  between  accesses  by  tne  disx  unit. 

Functionally,  tne  nost  CPU  must  create  a 
command  pactcet  in  memory  for  eaen  operation.  A  command 
pacicet  is  six  to  fourteen  oytes  in  iengtn  and  specifies  all 
tne  details  of  tne  listc  operation  to  be  performed.  In  tne 
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mode  tne  cost  CPU  must  test  tne  status  register  in  tne 
controller  interface  to  assure  tnat  tne  controller  is  ready. 
Vsen  tne  controller  is  ready  tne  CP'J,  in  tr.e  case  cf 
C P/M-fr'6,  tnrouen  tne  BIOS  module,  sends  tne  address  of  tne 
command  packet  to  t.oe  controller  interface.  Tnen  tne 
~ontrolier  eains  control  of  tne  bus,  retrieves  tr.e  command 
packet  and  executes  tne  command.  Upon  completion,  tne 
controller  posts  tne  disn  subsystem  status  in  tr.e  command 
packet  in  system  memory  ana,  if  enabled  by  tee  command 
packet,  sends  a  completion  interrupt  to  tne  nost  CPU.  Tne 
command  pacicet  consists  of  six  to  fourteen  bytes.  Tms 
controller  supports  five  types  of  operations.  Tr.e  size  cf 
tne  pactet  and  tne  information  it  contains  are  determined  by 
tne  operation  to  be  performed.  Tne  five  operations  supported 
are : 

1)  read  data/write  data 

2)  write  I.D.  and  data  for  single  record 
(fixed  iisic  only) 

3)  copy  from  one  drive  to  anotnsr 

4)  format  designated  disic 

5)  maintenance  package 

Tne  controller  nas  four  registers  tnat  are 
accessible  to  tne  nost  CPU.  Tne  case  address  of  trese 
registers  is  sviten  selectable.  Tne  case  address  plus  one  is 
tne  status  register,  from  wni.cn  tne  nost  CPU  determines 
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system  status.  Tne  case  address  plus  tnree  receives  tne 
lower  byte  of  tne  address  cf  tne  command  packet.  Tne  case 
address  ulus  two  receives  tne  middle  oyte  of  tne  command 
pacicet  address.  Tne  oase  address  receives  tne  uoper  byte  of 
tne  pactet  address  (HEW  3 2Kfc!  supports  24-bit  addressing  and 
wnen  written  into  signals  tne  controller  to  start  D^A . 

(2)  BIOS  Use  of  tne  REW  32^.  Tne  C?/"-ee  i-ICS 
would  use  only  tne  read/write  operation.  Tne  fact  tnat  tne 
nan  dist  nas  more  man  one  nead  would  require  tnat  tne  Bios 
list  definition  table  loot  lite  one  continuous  set  of  tracts 
and  mat  prior  to  initiating  DMA,  tne  BIOS  translate  a 
logical  tract  number  to  a  physical  nead  and  tract  number. 
Tne  read  and  write  pactets  nave  tne  same  forma t  vnicn 
requires  only  one  pactet  template  in  tne  BIOS.  Tnat  pactet 
tates  tne  following  form;  indicated  as  15-bit  words: 

Word  0  -  I/O  modifiers  (linted  I/O, interrupts, etc.  , 
operation  and  drive  selected. 

Word  1  -  status  word  -  written  oy  controller. 

Word  2  -  tract  number. 

Word  3  -  nead  and  sector  start  number. 

Word  4  -  lower  16  bits  of  DVA  address. 

Word  5  -  nign  byte  of  DMA  address. 

Word  6  -  transfer  word  count. 

Altnougn  tne  RDW  supports  24-bit 

addressing,  it  requires  a  24-bit  pnysicai  eddress,  not  tne 
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sequent  and  offset  type  address  provided  cy  tne  BIOS. 
Therefore  the  BIOS  must  translate  tne  addresses  cefore 


placing  tnem  in  tne  command  pacxet  ana  tefore  sending  tnem 
to  tne  Interface. 

(3)  Bootstrap  Use  of  tne  HD  d  Z'wt ♦  Tne 
DOOtstraD  program  would  use  tne  nuiti-sectcr  access 
capaollity  of  tne  controller  for  loading  tne  cold  start 
loader  (tae  command  pactcet  specifies  tne  number  of  woras 
to  be  transferred).  If  tne  operating  syster  were  to  ce 
loaded  from  a  diskette,  tne  bootstrap  operation  would  re 
very  mucft  Hire  tnat  described  for  tne  iSBC  Util,  T or  a 
system  load  from  tne  nara  disi  tne  bootstrap  program  could 
load  tne  operating  system  witnout  tne  use  of  a  cold  start 
loader.  Tnis  would  only  require  two  dist  accesses,  ore  to 
determine  tne  load  location  and  tne  otner  to  actually  load 
”C?*.SYS". 
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17 .  ALTERATION  OF  CP/M-96 

A.  CHANGES  PEOTJI RED  TO  IMPLEMENT  CP/M-HC 

As  di st ri  butei ,  CP/M-t6  Is  sat  up  for  operation  witn  an 
Intel  SBC  95/12  microconpu ter  ana  an  Intel  SEC  2/e  disunite 
controller  witn  a  Snueart  SA-9/Z  floppy  disnc  drive.  Sir."® 
CP/M-96  is  nodular,  only  tne  BIOS  need  be  modified  for  "nor. 
standard”  hardware.  The  distribution  version  includes  source 
code  for  its  BIOS  and  a  s<ceietal  3IOS  to  aid  in  tne 
construction  of  a  customized  version.  Although  tne 
distribution  version  does  not  provide  a  bootstrap  ROM,  tne 
source  code  for  tne  program  is  provided.  Tnis  source  cole 
provided  an  example  for  tne  creation  of  a  customized 
bootstrap  program.  Tne  bootstrap  ROM  is  available  from 
Digital  P.esearcn. 

Tne  cnanges  required  to  customize  tne  BIOS  ''an  oe 
divided  into  four  types.  Tne  first  consideration  is  tne 
computer  selected  for  tne  implementation.  If  an  SE£b/SCbS 
based  computer  otner  tnan  tne  iSBC  96/12  were  cnosen,  tne 
computer  initialization,  including  tne  constant  definitions 
for  USaRT  ports  anl  cnaracter  I/O  routines  sucn  as  console 
status,  console  input  and  console  output,  nave  to  be  cnanged 
to  match  the  nost  nardware.  Since  the  iSBC  96/12  was  used, 
no  caanges  were  required  in  tnis  portion  of  tne  BIOS. 
Second,  if  the  diss  drive  controller  or  otner  DMA  device  is 


not  an  1SBC  204 ,  tne  controller  port  definitions  ar.l  tne 
routines  wnicn  actually  communicate  wltn  tne  controller  "test 
be  altered.  Tne  "execute"  and  "senicom"  routines  were  tr.e 
dull  of  tne  modification.  Tnese  routines  cnecA  system 
status,  translate  system  commands  tc  tne  language  of  tne 
controller,  deliver  tne  commands  to  tne  Hardware  and  Handle 
any  Hardware  errors.  Tnird,  if  any  otner  serial  or  parallel 
I/O  device  is  to  oe  used,  tne  appropriate  initialization  and 
execution  routines  must  oe  written.  Tne  fourtn  consideration 
is  tne  list  definition  table  wnicn  is  assembled  with  tne 
BIOS  via  an  "include"  statement.  DisA  parameter  tables  must 
be  created  to  describe  tne  diSK  system.  DisA  parameter 
tables  are  discussed  in  tne  next  section.  In  tnis  version 
only  tne  second  and  fourtn  types  of  modifications  were 
necessary  and  tnose  cnanges  are  reflected  in  Appendix  A 
(single  density)  and  Appendix  B  (double  density'.  Appendix  0 
contains  tne  distribution  BIOS.  After  assembling  tne  BIOS, 
the  nexadeclmal  code,  "BI0S.HS5”,  is  appended  to  "CFM.HtfS” 
and  a  command  file  is  generated  by  tne  metnod  described  in 
Ref.  6  usine  tne  &ENCMD  utility.  Tne  file  created  is  nared 
"CPM.STS"  and  is  tne  operating  system. 

B.  DISK  PARAMETER  TABLES 

The  disA  parameter  taDie  serves  to  define  the 
oreanization  of  the  storage  media  for  the  BEOS  file 
management  functions.  Tne  disA  definition  consists  of  tne 


sequence  of  statements  In  Figure  6  (as  snowa  in  Ref.  6^.  Tne 
DISKS  statement  defines  tne  number  of  drives  in  tne  syste-r, 
witn  a  belne  an  Integer  from  1  to  16.  A  series  of  DISKDSF 
statements  follow.  Sacn  statement  defines  tne 
cnaracterlstlcs  of  a  logical  list,  0  tnrousrn  n-1.  DISKESF 
statements  are  formed  as  defined  in  Ref.  6.  Tne  format  is 
snown  in  Figure  ?. 


DISKS  n 
DISKDSF  fcf,... 
DISKDEF  1,... 


DISKDSF  n-1 


ENDEF 

Fieure  S  BIOS  Distc  Definition  File. 


DISKDEF  dn,fsc,lsc,[stfj  ♦  Dls  ,lics  ,di  r ,  cks  ,  of  s  ,  [/ ! 


wnere 


dn  is  tne  logical  list  number,  0  to  n-1 

fsc  is  tne  first  pnysical  sector  numoer  (0  or  1> 

lsc  is  tne  last  sector  number 

St?  is  tne  optional  sKew  factor 

ols  is  tne  data  allocation  niocK  size 

dies  is  tne  disir  size  in  bis  units 

dir  is  tne  number  of  directory  entri°s 

cits  is  tne  number  of  c.neciced  directory  entries 

ofs  is  tne  tractc  offset  to  logical  tracic  it 

[0]  is  an  optional  1.4  compatibility  fla* 

Figure  7  DISKDEF  Statement  Format. 


Tne  dise  tables  may  be  eenerated  by  nand  or  by  executine 
tne  GENDEF  utility  proeram.  Tne  table  provided  witn  tne 


distribution  version,  called  "SINGLES .LIB" ,  was  generated 
1'ron  tne  source  file  "S  INGLES .  DEF"  cy  me  GENDEF  utility 
running  under  CP/1-&U.  Tnis  table  was  correct  for  me  single 
density  implementation .  It  was  necessary  to  create  a  ~.ev 
table  for  tie  double  density  syster.  Tnis  file  is  called 
DOUBLE. DEF.  TaDie  veneration  is  descriced  fully  m  Section  6 
of  Ref.  5.  Tie  disK  parameter  tames  are  listed  ir.  me  BIOS 
rignt  after  tne  "include"  statement  (see  Appendices  A  and 
B). 

C.  COLD  START 

1 .  Tne  Cold  Start  Loader 

Since  CP/y!-B6  is  too  large  to  fit  in  tie  first  two 
(system)  tracts  of  a  diskette,  it  is  loaded  Into  memory  in 
two  st  ps.  First,  a  cold  start  loader  is  loaded  from  tne 
first  two  tracts  into  memory.  Next  tne  loader  loans  tne 
operating  system  and  transfers  control  to  it.  Tne  ioaier 
( "LOADER. C'lD")  is  a  simplified  version  of  CP/^-=6  witn 
enougn  power  to  locate  tne  operating  system  file  "CFV,.SKS" 
on  tne  current  dist,  mate  tne  proper  initializations,  ioad 
CP/d-Bb  into  memory  and  tnen  transfer  urogram  control  to  it. 
Tne  loader  is  created  from  files  LDCPM,  IDBDOS  ar.a  tne 
loader  version  of  tne  BIOS.  Tne  loader  EIOS  is  generated 
from  tne  same  source  code  as  tne  BIOS  by  setting  tne 
software  switcfl  "LCADER_BICS"  equal  to  true  prior  to 
assembly. 
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The  loader  program  is  roved  to  tne  first  two  traoxs  of  a 
disxette  by  tne  LDCOPY  utility  if  running  on  a  »orxing 
CP/M-36  system.  If  deveiopement  is  done  on  a  CP/v-8£  system 
tris  can  oe  accomplished  witn  tne  DDT  and  SYSGEN  utilities. 
He f.  6  errs  in  its  discription  o?  tne  latter  procedure.  Tne 
-orrect  procedure  is  described  in  the  next  chapter. 

2.  Tne  Bootstrap  ROM 

In  order  to  <?et  tne  cold  start  loader  into  memory, 
tnere  must  oe  a  bootstrap  ioaaer  of  some  Kind.  Tnis  toot 
loader  must  initialize  tne  programmable  cnips  on  tne  single 
Doard  computer  and  tne  aisx  drive  controller  wnicr.  will 
access  the  operating  system  lisx.  It  then  loads  tne  lirst 
two  tractcs  of  tne  diskette  in  tne  system  distc  drive  into 
memory  and  then  transfers  control  to  the  program  loaded, 
"LOADER . CMD” .  Tne  bootstrap  program  is  normally  resident  in 
a  read  only  memory  (P.0'1)  or  electrically  programmable  POM 
(EPROM)  ana  is  tnen  referenced  to  as  tne  coot  ROM. 

The  distribution  version  of  CP/M-66  also  contains 
tne  listing  for  a  bootstrap  RCM  (R0M.A86).  Tne  coot  ROM 
Itself  is  available  from  Digital  Research.  When  installed, 
it  becomes  part  of  tne  8086  address  space.  Upon  system 
reset,  tne  processor  begins  execution  at  effective  address 
0FF000H ,  wnicn  is  tne  top  paragrapn  of  tne  iSBC  ab'l'd  EPROM 
space.  The  bootstrap  program  is  Hardware  dependent  which 
necessitated  tne  creation  of  a  customized  initial  loaner  for 
tnis  implementation. 
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Intel's  SEC  9p?  Execution  venicle  Monitor  (EVM) 
occupies  tne  EPROM  locations  was n  installed  in  trie  iSPC 
-6/12  and  is  currently  in  use  at  tne  Naval  Postgraduate 

Scsool.  In  order  to  retain  tne  use  of  tne  1SEC  95?  and  tc 
simplify  implementation ,  tne  customized  bootstrap  prorram 
nas  be°n  embedded  in  a  free  area  of  tne  ?VN's  EPROvs.  Sin'-e 
tne  monitor  initializes  tne  sinele  toari  computer  wren  it  is 
started,  tne  CP/M-66  bootstrap  tasi  is  simplified.  Tne 
bootstrap  program  listing  is  in  Appendix  C.  It  is  a  modified 
version  of  tne  "debug”  version  of  Digital  Resear-'n's  ROM 
program.  Tne  modified  cootstrap  program  is  located  at 
effective  address  0FFD40H.  It  may  r°  executed  from  tne  E7V 
by  executing  tne  command  GFFD4J0  or  its  equivalent. 


7.  C0NC1US IONS  AND  RECOMMENDATIONS 


A.  ADAPTATION  DIFFICULT^ 


Modification 

of 

CP/M-fco  is  a 

s t raign t f orwa rd  simple 

procedure 

if  o  ne 

is 

familiar  with 

CP  'M  on  a  system  '$ 

software 

1  eve  1 

and 

with  at  least 

some  representative 

hardware. 

If  one 

does 

not  naye  si<cn  a 

cacarground  (tne  autnor 

ill  not)*  tne  tasK  is  not  o verwnelmi ng ,  out  considerably 
more  difficult.  Tne  novice  will  protaciy  invest  mucn  time 

and  effort  in  investigating  ’’lead  ends"  because  or  not 
understanding  tne  logical  design  of  tne  operating  system,  a 
oarticularly  vexine  problem  encountered  in  tne  first 
adaptation  was  tnat  in  tne  later  stages  of  development, 
every  error  in  the  corrected  software  seemed  to  lestroy  tne 
information  on  tne  diskette,  masing  debugging  difficult  and 
requiring  frequent  regeneration  of  software.  During  tnis 
period  of  "destructive  testing”  approximately  of  tne 
time  and  effort  were  spent  on  sucn  overhead  and  only  10‘S  on 
actual  debugging.  Tne  real  problem  tnere  was  not  tne  time 
lost  but  tne  interruption  in  tne  train  of  thought. 

Documentation  inadequacies  are  another  source  of 
problems.  Tne  alteration  guide  for  CP/M-tb  provided  ny 
Digital  Research  (Ref.  6)  assumed  a  thorough  Knowledge  of 
CP/M-B0,  wnicn  was  not  possessed  oy  tne  author.  Tne  CF/v-S0 
documentation  also  seemed  to  assume  a  thorough  Knowledge  of 
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me  ooera ti n®  system's  modules .  Ia  addition,  mere  were 
several  errors  m  tne  alteration  «?uide. 

Tne  procedure  for  moving  tne  coin  start  loader  to  traces 
zero  ana  one  under  CP /v-90  is  incorrect  and  if  followed  tne 
first  30ZP.  bytes  of  tne  program  win  be  lost.  A  correct 
procedure  is  to  load  tne  cola  start  loader  «itr.  ITT,  mve 
tne  program  so  tnat  it  starts  at  exit  DDT  and  finally 

call  tne  SKSDSN  utility,  a  correct  sequence  of  commands 
lootcs  litre  tnis: 

DDT  LOAD PR . CM D 
ml  1*50 ,1845 0 ,1900 

•»ta00,liei5,l  27  V 
•niee.ae^.cee 
ml  08 , 400  ,y 00 
<CONTROL-C> 

SfSSEN 

<CR> 

5 

<CR> 

Tne  documentation  for  tne  309t>  assemblers,  "ASv!efc.C0/” 
and  "AS^BS.CMD”  also  contains  errors.  According  tc  tne 
user's  manual,  [Ref.  2]  ,  tne  "device  switcn"  for  tne  listing 
device  is  Tne  correct  switcn  is  "f". 

Tne  tecnnicai  manuals  provided  witn  tne  distc  drives  ana 
controllers  used  ratner  amoiiruous  and  non  standardized 
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terms.  This  often  require!  experimental ion  to  determine  wnat 
was  really  react. 

Resolution  of  the  above  difficulties,  however,  was  a 
good  learning  experience  for  tne  autnor. 

b.  RECOMMENDATIONS  FOR  FUTURE  HARD  DISK  ADDITION 

1 .  Discussion 

A1  tnouen  there  are  several  rretnols  of  accomplish  in? 

disK  I/O,  DMA  seems  to  be  tne  simplest  to  implement  an! 

debu*.  A  future  hari  disK  addition  would  greatly  enhance 

CP/M-96's  usefulness.  In  tms  vein,  a  nard  distc/floppy  disK 
combination  would  be  ideal.  The  combination  of  nan  and 
floppy  lists  would  provide  tne  speed  and  storage  capacity  on 
one  hand  (from  tne  nard  list)  and  tne  ability  for  tne  user 
to  teep  copies  of  his  files  where  he  is  assurei  of  their 
security  and  integrity.  However,  inclusion  of  tne  iSEC  ZY.l 
or  202  is  not  recommended.  The  limited  addressing  -'apatility 
of  tnese  controllers  would  hinder  overall  system 

effectiveness  and  force  tne  processor  to  operate  in  tne 
bottom  64K  of  tne  address  space.  As  a  rule  of  tnumo,  if  mere 
than  one  device  is  to  be  aided  to  tne  basic  system,  only  one 
device  snould  be  added  at  a  time. 

2.  Template  for  Adaptation 

Given  tnat  a  nard  disK  is  to  be  installed  in  place 
of  tne  disicette  system,  tne  following  procedure  should  oe 


followed 


First,  tne  CP/M-BB  BIOS  saouid  oe  studies  in 
conjunction  witn  tne  current  naraware  to  see  now  tne 
interface  is  currently  accompi i sned .  Tne  system  modifier 
must  understand  now  tne  operating  system  interacts  witn 
nardware  before  creating  nis  own  interface.  Second,  tne 
target  nardware  must  ce  studied.  Tne  electronics  are  not 
important,  but  wnat  tne  nardware  dees  logically  and  new  it 
communicates  witn  tne  controller  is  paramount.  In 
particular,  tne  organization  of  data  on  a  list  drive  must  be 
thoroughly  understood.  If  tne  organization  of  data  is 
selectable,  tne  most  efficient  and  straightforward 
organization  must  be  chosen.  If  it  is  not  selectable  and  net 
directly  compatible  witn  tne  3D0S,  a  "ciocting/aebiocting" 
or  some  other  seneme  must  be  considered.  Third,  a  list 
definition  must  be  written  to  reflect  tne  logical 
organization  of  tne  list.  If  the  logical  organization  cf 
data  does  not  maten  its  pnysical  organization,  tne  executing 
routine  in  tne  BIOS  would  nave  tc  mate  tne  translation.  For 
example,  in  a  multi  nead  dlst  system,  tne  traces  would  nave 
to  be  numbered  in  tne  list  definition  as  t.nough  tney  were  on 
tne  same  platter  (logical  org.),  tne  STOS  would  select  a 
sector  and  a  "logical”  tract  for  I/O,  but  before  sending  tne 
cnannel  command  tne  BIOS  would  nave  translate  t.nat  "logical" 
tract  number  to  a  nead  and  tract  com binat lor. .  Fourtn,  a 
template  for  tne  cnannel  command  snould  be  placed  in  tne 
BIOS  with  appropriate  variable  names  to  aiicv  the  BEOS  to 


provide  as  rucn  information  directly  as  possiMe.  Fifth, 
write  tne  "execute"  routine.  Tai  s  routine,  tne  ouiic  of  tne 
coding,  must  complete  tne  ctiannel  command,  prepare  tne  lisle 
for  access,  send  tne  activating  command,  efteeir  comDletior. 
status  and  nandie  nardware  errors.  This  step  requires  a  good 
Knowledge  of  the  target  lisle  system  and  is  very  muon 
dependent  on  tne  list  cnosen.  Sixtn,  once  tne  revisec  BIOS 
is  written,  it  must  be  assembled  (in  tne  loader  version  too, 
if  booting  from  a  floppy  disK).  Tne  files  "CP* .HS6” , 
"BIOS . HB6”  and  "PAT2.He6"  are  combined  into  "CPdZ.HSS" .  This 
resulting  file  is  converted  to  executable  form  by  executing 
tne  command  "OENCMD  CP!*!X  8080[A4(?J  "  as  described  in  Ref.  5. 
Tne  resulting  file  is  tnen  renamed  "CPM.STS". 

The  bootstrap  program  will  be  very  simple.  It  can  ce 
written  to  explicitly  read  tne  first  sector  of  tne  disic,  tc 
determine  tne  loading  target  address,  ana  to  read  tne 
following  76  (I2e  byte)  sectors.  Once  tne  BIOS  nas  been 
modified,  tne  bootstrap  program  will  oe  almost  a  trivial 
subset  of  tnat  code. 
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SCSI 


APPENDIX  A 

title  'Customized  Basic  I/O  System' 

V  V 


*  Tills  Customized  BIOS  adapts  CP/M-B6  to  * 

*  tne  following  nardvare  configuration  * 


* 

Processor: 

iSBC  851k: 

V 

Controller : 

iSBC  201 

V 

>? 

memory  model 

:  8080 

* 

V 

V 

Programmer : 

M.B.  Caadalor 

V 

Jjc 

Revisions  : 

V 

V 

* 

*****  *****  *********  ******  **  ***** 


true 

false 

equ 

equ 

-i 

not 

true 

cr 

equ 

0dn 

»carria<re  return 

if 

equ 

0an 

Jiine  feed 

max_retries 

equ 

10 

Jfcr  aisif  i/o,  before  perm  error 

V  aje 

v  Loader_bios  is  true  if  assembling  tne  * 
*  LOADER  BIOS,  otherwise  BIOS  is  for  tne  * 
111  CP*!. SYS  file.  * 


**  *****  ***  **  a*  a*  ******  *************** 


L0ADER_BI0S 

Eoa 

TRUE 

bdos_int 

equ 

224  Jreserved  BDOS  interrup 

IF 

not 

ioader_bios 

9 

•  1 

9  \ 

Dio  s_coue 

euu 

! 

2500n 

ccp_of f set 

equ 

0000n 

DIOS  OfSt 

•  I 

9  1 

equ 

0B06n  ; BDOS  entry  Doint 

1 

1 

ENDIF 

» not 

,  loader_bios 

I? 

ioaaer_bios 

» 

•  i 

•  i 

oios_coae 

equ 

1 

1 

1200n  ; Start  of  LEBIOS 

ccp_of f set 

equ 

0005n  » base  of  CP^LQADER 

blos_ofst 

equ 

0406n  ^stripped  BDOS  entry 
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.  I 
f  I 


I 

ENEIf  •*  loader  bios 


csts  equ  0ian  *IB25l  status  port 

data  eau  0lBn  *  "  lata 

t 

? 

■  **  ^ 

»*  INTEL  iSBC  201  Disit  Controller  Ports  •* 

J  s*  ** 


case 

equ 

07Bn 

rtype 

equ 

case  +1 

rcy  te 

equ 

oas  e4-3 

reset 

equ 

case+7 

astat 

equ 

base 

ilow 

equ 

case+1 

ini*n 

eau 

Dase+2 

csee 

org 

cep: 

OTS 

ccpof fset 

bios_coie 

**  bios 

Junp  Ve 

* 

ctor  for  Individual  Routines  * 

;  *  v 

:  *****  ***  ***  ***^S*  *********  ***5*****  ************ 

j tid  IN  IT 
jno  W BOOT 
jnp  CONST 
jup  CDNIN 
J  Tip  CCNOUT 
jnp  LI  STOUT 
jnp  PUNCH 
Inn  READER 
jnp  HOME 
Jnn  SELDSE 
Vp  SSTTRE 
jnp  SETSEC 
Jnp  SET DM A 
jnp  READ 
jnp  WRITE 
jnp  LISTST 


•  Enter  fron  300T  ROM  or  LOADER 
; Arrive  nere  from  PDCS  call  0 
•return  console  Keyboard  status 
; re  turn  console  'ey  ooari  cnar 
•write  cnar  to  console  levice 
•‘write  caaracter  to  list  device 
?write  cnaracter  to  punca  device 
•return  cnar  iron  reader  levice 
•nove  to  tru  00  on  cur  sei  drive 
•select  diSK  for  next  rd/write 
Jset  tracic  tor  next  rl/write 

•  set  sector  for  next  ra/wnte 
•set  offset  for  user  cuff  (DMA) 
{real  a  128  byte  sector 
•write  a  12fc  byte  sector 
Jreturn  list  status 


S3 


jmp  SECTRAN 
j np  SETD*AB 
jmp  GETSEST 
jmp  GETIC3F 
jTip  SETIOeF 


fxiate  ioeical->pr.ysi  cal  sector 
;  set  see  case  for  cuff  ( DMA ) 
freturn  offset  of  ^em  Desc  Taoio 
freturn  I/O  map  oyte  (ICBYTE) 
feet  I/O  Tiap  oyte  (IOEYTE) 


^  * 

v  IN  IT  Entry  Point,  Differs  for  LDP I OS  and  * 

v  EIOS,  according  to  "Lcader_Bi os ”  value  * 

*  =* 


IN  IT : 


fprint  signon  message  and.  initialize  nardware 
mov  ax.cs  f  we  entered  wi  t  n  a  JMPF  so  use 

mov  ss,ax  ; C  S  :  as  tae  initial  value  of  S 

mov  is , ax  *  DS  :  , 

mov  es,ax  fand  ES: 


;use  local  stacK  during  initialization 
mov  sp, offset  suoise 

cid  fset  forward  direction 


IF  not  loader_oios 

i  -  - - - - *“ - - - 

-  i  I 

9  I  I 

f  Tnis  is  a  BIOS  for  tae  CPM.STS  file. 

J  Setup  ail  interrupt  vectors  in  low 
;  memory  to  address  trap 

pusn  is  fsave  tne  DS  register 

mov  lOBYTE.fc:  fciear  IOEYTE 

mov  ax,0 
mov  is, ax 

mov  es.ax  fset  ES  ana  DS  to  zero 

f setup  interrupt  £  to  address  trap  routine 
^ov  int<i_of fset  ,of  f set  int_trap 
mov  int0_segment ,CS 
mov  di,4 

mov  si,0  Jtnen  propagate 

mov  cx,51«J  ftrap  vector  to 

rep  movs  ax, ax  fall  25S  interrupts 

f  BDOS  offset  to  proper  interrupt 

mov  t)dos_of  f  set ,  Ddos_of  st 

pop  is  frestore  tne  DS  register 


(additional  C?/M-c:6  initialization) 


ENDIF  fnot  ioaler  cios 


IF 


loader  oios 


;  Tn.i  s  is  a  BIOS  rcr  tr.°  LOADER 
pusn  is  »save  lata  segment 

iov  ax ,  <5 

ticv  as, ax  Jpoint  to  segment  zero 

JBDOS  interrupt  onset 
■nov  odos_ofi'set ,  oao  s_ofs  t 

mcv  olos_segmer.t  ,CS  Jodos  interrupt  segment 
(additional  J.0ADF3  initialization' 


pop 

1 

1 

V) 

TJ 

Jrestore  aata 

se?nen t 

i 

i 

SNBIF  ; ioaier_fcio s 

mov 

ox , off  set 

s ienon 

call 

p*ns£ 

jpnnt  signor. 

message 

fTlOV 

cl ,  id 

Jdefauxt  to  dr 

A:  on  cold 

j'T’P 

ccp 

jjump  to  cold 

start  entry 

ISDOT:  jmp 

ccp+6 

{direct  entry 

to  CCP  at  5 

IF 

not  ioader_Cios 

l 

1 

nt  traps 

1 

1 

cil 

;  ciocx  interrupts 

nov 

ax  f  cs 

nov 

as ,  at 

jget  our  data 

segment 

10V 

ox , offset 

i nt_trp 

call 

pmsg 

ni  t 

i 

j 

» .card  stop 

1 

1 

FNDIF 


;not  leader  Dios 


Xfi  *  a?  W  * *  *  *  jjc  jfc  W  W  W*** *  *  W*  *  W  W  *  ^  :?***  V  W  5jc 

3ft  x; 


CP/'I  Cnaracter  I/O  Interface  Routines 


3|» 


~  console  is  (JSART  (ie25lA)  on  iSRC  8612  » 
*  at  ports  Dfc/DA  w 


CO'JST:  ;consoie  status 

ir.  ai,csts 
and  ai,2 
jz  const_ret 

or  ai,255  ;return  non-zero  if  raa 

cons  t_ret : 

ret  Jrcvr  data  availaoie 
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ran 


level 


.ir  "rev 


ON  IN: 

call  CONST 

;consoie  input 

jz  CONIN 
in  ai.cdata 

•wait  for  REA 

and  ai,7t-n 
ret 

Ireaa  data  S  remove  parity  nit 

3N0UT: 

•console 
in  a  1 ,  e  s  t  s 

output 

ana  ai,l 
jz  CONOUT 
mov  alt cl 

•  get  console  status 

out  ciata.ai 

•transmitter  buffer  is  empty 

ret 

•  tnen  return  data 

LISTOUT: 


ret 


♦list  device  output 
•  not  implemented 


LISTST : 


ret 


•  poll  list  status 

•  not  impiementea 


PUNCH :  » write 


READS?. : 

mov  al.lan 
ret 

OETIOBR : 

*CV  AL, fe? 
ret 

SSTI03F: 

ret 


uconecno : 

call  CONI N 
pusa  ax 
mov  cl.al 
call  CONOUT 
pop  ax 
cmp  al ,  'a 
j  b  u  ret 
cmp  ai ,  'z ' 
Ja  uret 


puncn  device 
foot  implemented 

•return  eof  for  now 

•  IOBITE  NOT  iMPlS'lENTi’D 

fiooyte  not  implemented 
cnaracter 

;get  a  console  cnaracter 

•  save  and 

•  ecno  to  console 
•less  tnan  'a'  is  ok 

•  frreater  tnan  'z'  is  ok 


»  Routine  to  eet  ana  ecno  a  console 
;  and  snirt  it  to  upper  case 
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urs  t : 
pmsg : 


sub  ai.'a'-'A' 
ret 

mov  ai  ,  L3X  J 
test  ai.al 
jz  return 
mov  CL,AL 
call  CONOUT 
i no  EX 
j-nps  pmsg 


;eise  snift  to  caps 

♦  get  next  cr.ar  from  message 

♦  if  zero  return 
J  p  r  i  a  t  it 

♦  next  cnaracter  and  icon 


j*  «  ?  age*  *  99  *  **  *  *9  V*  V*  W  W  *  W  V  W  W  W  V  M  *  *c  *  JgtajcajtJ*  a* 
*  * 

*  Disic  Input/Output  Routines  * 

*  w 

V * 9*  v ace  *  V  *  W  * * 99 V  M  *  V  * *s  W  V  V  *  w* aje  *  *  a*  a*  * « »t  v  >* «  jjt  j?  9 


SELCSX: 

; select 

disic  given  by  register  CL 

ndisss 

equ 

d  Jnum&er  of  discs  (up  to  15^ 

mov 

aisle, ci 

•  save  dis<c  number 

mov 

bT,000Kft 

♦ready  for  error  return 

cmp 

cl  .ndisics 

♦  n  beyond  max  disics? 

jnb 

return 

♦return  if  so 

mov 

CR.0 

»loubie(n ) 

mov 

bx ,  cx 

♦  dx  =  n 

mov 

Cl  ,4 

♦ready  for  *16 

sni 

bx,  ci 

♦n  =  n  *  lb 

mov 

cx, offset  l 

phase 

add 

bx ,  cx 

♦  dpDase  +  n  *  IS 

return : 

ret 

♦dx  =  .dpn 

HC^E: 

;move  selected 

disic  to  nome  position  (Tractc 

mov 

io  com.nomc 

om 

mov 

trie  ,0 

call 

ret 

execute 

SETTRK: 

SETS  EC: 

SECTRAN 


♦  set  tracA  address  given  by  CL 
mov  trie, CL 

ret 

*  set  sector  number  given  by  ci 
mov  sect, CL 

ret 


:  Jtransiate  sector  CX  uslne  tacie  at 
mov  cn,0 
mov  bx,cx 

add  bx.dx  ;aad  sector  to  tran 

mov  bi,[bx]  Jget  logical  sector 


[EXJ 


$7 


♦  add 

♦  get 


tame  address 


re  t 


3ETDMA:  » set  Dw \  offset  eivec  cy  CX 
-nov  ama_adr,CX 
re  t 


SETDvA.b:  {set  DMA  segment  eiven  oy  CX 
mov  dma_seg,CX 
ret 

! 

GETSEOT:  {return  address  of  pnysicai  memory  tacie 

mov  ox, offset  se?_taci9 
ret 

:  WWtHmttWSr&WWifirtfW  igcwvvvv  wv  J9tVWJ(s  WW  V>? 


* 

Ail  listc 

I/O  narameters  are  setu 

P: 

s* 

n* 

DISK 

1  s 

disu  numcer 

(SELL'S  A ) 

V 

THE 

is 

tracit  numoer 

(SETT RE } 

* 

* 

SECT 

is 

sector  numcer 

(SETSEC) 

* 

*  DMA_ADR  is  tne  DMA  iso  offset  * 

*  READ  reads  tne  selected  sector  to  tne  DMA8* 

*  address,  and  WRITE  writes  tne  data  from  * 
'•*  tne  DMA  address  to  tne  selected  sector  * 

V  * 


READ: 

rrov  ci , 4 
mov  ai.disff 
sal  ai.ci 
or  al,ricoie 
mov  io_com,ai 
jmps  execute 

WRITE: 

mov  cl, 4 
mov  al.oisK 
sal  ai.ci 
or  al.wrcode 
mov  io_com,ai 

EXECUTE : 


{comoine  disx  selection 
?witn  opcode 

{create  iopc 


{create  iopc  for  write 


outer_retry : 

mov  rtry_cnt ,max_retries 

retry: 

in  al.rtype  {clear  controller 

inai.royte  { 

call  sendcom 


pfci 


i  il  e 


in  al,istat 
and  ai,4 
jz  idle 


{wait  for  completion 
{  reac  v 


»  ccsck  i.o.  completion  ok 

In  ai,rtype 

{  'Z'A  unlinked  i/o  complete  21  iinKec  1 /o  ccmp 

;  12  disK  status  cnaased  11  (not  used) 

;  must  cs  a  22  in  ai 

test  al,12o  Jreaay  status  cnange? 

J.NZ  ^reabt 
OR  AL,2 

jnz  werror  {some  otner  error,  retry 

{  cnecK  i/o  error  bits 

in  ai.rcyte 
rci  ai,l 

mov  err_coie,80n 

jo  wready  {unit  not  ready 

rcr  al,l 

mov  err_cole,al 

and  al,2fen  {any  otner  errors? 

jnz  werror 

» 

{  real  or  write  is  ok,  al  contains  v 

ret 

wready:  ;not  ready,  treat  as  an  error  for  now 
in  ai.rbyte  {clear  result  byte 

jnps  trycount 

werror:  ; return  nardware  malfunction 
trycount: 

dec  rtry_cnt 
jn2  retry 
^ov  al,err  code 
mov  an, 2 

mov  or, ax  {maice  error  code  16  bite 

mov  bx,errtbi  (.EXJ 

call  pmsg  {print  appropriate  message 

in  ai.cdata  {flusn  usart  receiver  buffer 

call  uconecno  {read  upper  ~ase  console  c-bara^ier 

cmp  ai, 'C' 

je  wboot_i  {cancel 

cmp  al ,  'R' 

je  outer_retry  {retry  12  more  tires 
cmp  al ,  'I ' 

je  z  ret  {Ignore  error 

or  al,065  {set  cone  for  permanent  error 

z  ret:  ret 


b^ 


«fboot_l:  Jcan't  ma£e  it  w/  a  snort  leap 

jnp  WSOOT 


««**«**  *V*«9W*9W*  agcjgtw  W  WW  ***WW*W*» 


J  ?  rt 

5*  senacorc  sends  tte  address  of  tne  icon  to  * 

i*  tne  iS±>C  20  1  * 

:  v  v 


sendcom: 

MOV  CLf 4 
MOV  AX, DMA  SKO 
SAL  AX, CL 
ALD  AX, DMA  ADR 
MOV  I0_ADR ,AX 
MOV  CL, 4 
MOV  AX ,CS 
SAL  AX , CL 

ADD  AX , OFFSET  CHANCMD  JADD  SEG  6.  OFFSET  FOR  2V1 

out  iiow.al 

mov  cl  ,e 

sar  ax,ci 

out  iniga.ai 

ret 

•  *  * 

;*  Daia  Areas  * 

;  v  * 

lata_offset  eau  offset  $ 

dsee 
org 

IOBYTE  do 
distc  db 
cnancmd  db 
io_com  db 
nsec  db 
trie  lb 
sect  db 
I0_ADR  Dtf 
dna_adr  dw 
dma”seg  dw 

ROM  COM  3CfJ  3 
RDCODE  EQU  4 
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lata_offset  Jcontigucus  witn  coce  segment 
0 

0  *disK  numoer 

son  >iopo  caannei  worn 

2 

1  jnunoer  sectors  to  ifer 

0 

0  Jstart  sector 

0000 E  JPRYS  AD DR  FOR  SBC201  USE 

eoson  JDMA  adr  (default) 

0  » DMA  Base  Segment 


SRd  CODE  DP  00H 

vrcSds  sco  5 


IF 

1 oader_bi os 

f 

•  1 
f  \ 

sisnon 

•  i 
>  t 

It) 

1  c 

1 

i 

or. if ,cr,lf 

'CP/M-B6  Version  1 . Z ' , cr , if  ,2 

f 

1 

f  -  ■  ■  ■  ■ 

2NEIF 

;  ioaaer_cios 

IF 

not  ioader_bios 

•  i 
i  i 

si^non 

lb 

I 

I 

cr,if ,cr,if 

4fc 

'System  Generated  04/28/Sl' 

db 

cr ,  if  ,2 

*  i 


ENDIF  ;not  loader  bios 


int_trp 

db 

nr  ,lf 

do 

'Interrupt  Trap  Halt' 

db 

cr,  if  ,2 

errt  bl 

Iw 

era , erl ,er2 ,er3 

dw 

er4,er5,er6,er7 

dw 

era ,er9,erA,er3 

dw 

erC, erD, erE, erF 

dw 

eria ,er2a ,er42 ,erea 

era 

db 

cr, if, 'Null  Error  ?v',a 

erl 

lb 

or, if , 'Dele  tel  Record  :',2 

er2 

db 

cr,lf,'CRC  Error  :',2 

er3 

db 

cr, if, 'Data  Overrun-anierrun  :',a 

er4 

dc 

cr, if, 'Sees  Error  :',fc? 

er5 

equ 

era 

erb 

equ 

era 

er? 

equ 

era 

era 

db 

cr, if , 'Address  Error  :',a 

er9 

db 

cr  If, 'Write  Protect  :',0 

erA 

db 

cr,lf,'ID  CRC  Error  :',e 

erB 

db 

cr, if, 'Write  Error  :',0 

erC 

db 

cr, If , 'Sector  Not  Found  :',0 

erD 

equ 

era 

erE 

lb 

cr,if,'No  Address  Mars  :',2 

erF 

do 

cr,  if, 'Data  Mars  Error 

eria 

equ 

er3 

er20 

equ 

er9 

er40 

equ 

erB 
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eryi? 


ac  cr, if, 'Drive  Mot  Ready 


rtry_cr.t  lb  1  {lisa  error  retry  counter 

{  System  Memory  Seement  Table 

segtable  lb  1  {1  segments 

dw  tpa_see  {1st  see  starts  after  BIOS 

dw  tpa~ien  {and  extends  to  id&Vldid 

include  singles. iib  {read  in  list  definitions 

1 o c _s t k  rw  32  {local  stacK  for  initialization 
sttbase  equ  offset  5 

lastoff  equ  offset  $ 

tpa_see  equ  (iastoffJ,04tJ0a+l5)  /  16 

tpa”len  equ  0Fk?0n  -  tpa_seg 

db  55  {fill  last  address  for  GENCMD 

j  V  * 

{*  Dummy  Data  Section  * 

!  *  * 

dsee  id  {absolute  low  memory 

org  0  {(interrupt  vectors) 

int0_offset  rw  1 

int0~seement  rw  1 

*  ~  pad  to  system  can  vector 

rw  2* ( bdos_int-l ) 

bdos_offset  rw  1 

bios  seement  rw  1 

END 


rtry_cnt  db  0  {disa  error  retry  counter 
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APPENDIX  t 

title  'Customized  3asic  I/O  System' 

*«««*««**«*?««:?*  WWW****  &#9’rWVW*rV* 

V  * 

*  Tnis  Customized  SIDS  adapts  CP/M-86  to  * 

*  tfte  following  ftariware  ''onrieurat  ion  * 

*  Processor:  iSSC  8612  * 

'■*  Controller:  iSBC  202  v 

m  vemory  model:  8080  v 

*  * 

*  Programmer:  !d.B.  Candaior  v 

*  Revisions  :  * 

M  * 


true 

false 

cr 

If 

max  retries 


equ  -1 

equ  not  true 

equ  01a  {carriage  return 
eou  0an  iline  feed 

equ  10  {for  aisit  i/o,  cefore  perr  error 


WV  WW99W  W  WW«MV«V  **  V*  WWW 
V  * 

*  Loader_oios  is  true  if  assembling  tne  * 

v  LOADER  BIOS,  otnerwise  BIOS  is  for  tne  * 

*  CP'I.SYS  file.  * 


L0ADER_BI0S 
bios  int 


EOU  TRUE 

equ  224  {reserved  BDOS  interrupt 
not  loader  bios 


!  t 
•  \ 

oios_code 

1 

1 

equ  2800  ft 

ccp_of f set 

equ  0000ft 

bios  ofst 
{ !  ‘ 

•  u  t  m  t  m !  -  u  1  - 

equ  0B06n  {BDOS  entry  noint 

f 

ENDIF 

{not  ioader_oios 

IF 

loader_bios 

•  i 

bios_code 
ccp_of fset 
bios  ofst 


equ  1200ft  {start  of  LDBIOS 
equ  0003ft  {base  of  CPMLOADER 
equ  040t>n  {stripped  BDOS  entry 
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.  t 
»  I 

i  ~ 


t 

i 


ENDIF  *  loader  Dios 


csts  equ  eaan  {18261  status  port 

data  equ  <41  Sn  {  "  data 

» 

{ 

•  wws?  sss=*s?  W*5* 

•  ;.t 

;*  INTEL  iSEC  2L'2  Pis*  Controller  Ports  * 

;  )*  * 


base 

equ 

4?79n 

rtype 

equ 

oase-*-l 

rbyte 

equ 

oase+3 

reset 

equ 

case+7 

dsta  t 

equ 

oase 

ilow 

eau 

base+1 

inid 

equ 

base+2 

cseg 

or? 

ccpoffset 

ccp : 

org 

bios_code 

>*  9 

*  BIOS  Jump  Vector  for  Individual  Routines  * 

*  * 

a?*  j?  j*j*  vwwj?****  w  w  wv*  w  w  w  vw*s  vw*«  w 


jmp  INIT 
jmp  VBOOT 
J-np  CONST 
jmt)  CONIN 
jmp  CONOUT 
Jmo  IISTOCJT 
Jmp  PUNCH 
jmp  READER 
Jmp  HOME 
J-np  SELDSK 
j-np  SETTF.lt 
jmp  SETSEC 
j-np  33TPMA 
jmp  READ 
Jmp  WRITE 
J-np  LISTST 


; Enter  from  BOOT  ROM  or  LOADER 
{Arrive  nere  from  BDOS  call  e 
{return  console  teyooard  status 
{return  console  Keyboard  cnar 
{••rite  cnar  to  console  device 
{write  cnaracter  to  list  device 
{write  cnaracter  to  puncr.  ievi~e 
{return  cnar  from  reader  device 
{move  to  trs  tin  on  cur  sel  drive 
{select  list  for  next  ri/write 
{set  tract  for  next  rd/write 
{set  sector  for  next  rd/write 
{set 'offset  for  user  tuff  (DMA) 
{real  a  128  byte  sector 
{write  a  128  byte  sector 
{return  list  status 
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jmp  SECTRAN 
jmo  S  ETUV,AB 
Jtid  GETS  SGT 
jmp  GETI03F 
.Imp  3STI3BF 


Jxiate  iogicai->pnysicai  sector 
J set  seer  base  for  buff  (DMA) 
Jreturn  offset  of  vem  Eesc  Tacie 
jreturn  I/O  map  byte  (I03TTE) 
Jset  I/O  map  byte  (I03YTS) 


*9  *  W  s*ifc  J*  *  99  999999999  99  9 

9  9 

*  IN1T  Entry  Point,  Differs  for  LDBIOS  and  * 

*  BIOS,  according  to  "Loader_3i os"  value  w 

V  V 

^SJ?6  jgc  V ??  W  W  W  W  s?  W  W  W  2JS  ^  V  ^  W ^ 


INIT : 


•  i 
f  i 


i 

i 


Jprint  signon 
mov  ax.cs 
mov  ss,ax 
mcv  is, ax 
mov  es,ax 
fuse  local 
mov 
old 


message  ana  initialize  nariware 
Jwe  entered  wits  a  JMP?  so  use 
» C S :  as  tne  initial  value  of  SS 
;DS  : , 

; a nd  SS: 

stacic  during  ini tiaii zation 


sp, of f set 


s  tiDase 

Jset  forward 


direction 


IF 


not  loader  bios 


I 

1 

;  Tnis  is  a  BIOS  for  tne  CPM.SYS  file. 

;  Setup  all  interrupt  vectors  in  low 
;  memory  to  adiress  trap 

pusn  ds  Jsave  tne  DS  register 

mov  IQBYTE  ,45  Jclear  I03YTS 

mov  ax •  fc? 
mov  as, ax 

mov  es.ax  Jset  SS  and  DS  to  zero 

Jsetup  interrupt  0  to  address  trap  routine 
mov  int0_offset, offset  int_trap 
mov  intt?_s earner. t  ,C3 
mov  di  , 4 

mov  si  ,0  Jtnen  propagate 

mov  cx,510  Jtrap  vector  to 

rep  novs  ax, ax  Jail  256  interrupts 

J3D0S  offset  to  proper  interrupt 

mov  Ddos_of fset , bdos_ofst 

pop  ds  ~  Jrestore  tne  DS  register 

(additional  CP/M-S5  initialization) 

I 

I 


ENDIF  ; not  loader_Dios 
IF  loaaer  bios 


S5 


{Tnis  is  a  JJIOS  for  tne  LOADER 
pusn  is  {save  data  segment 

mov  ax,tf 

mov  ds,ax  {point  to  segment  zero 

{BDOS  interrupt  offset 
mov  bios_ot'fset ,  oios_ot's  t 

•nov  bdos_segment ,CS  {Ddos  interrupt  segment 
(additional  LOADER  initialization) 
ooo  ds  {restore  data  ss?meat 


ENDIF  {loader  oios 


•nov  dx, offset  signon 

call  pms?  {print  sisnor.  message 

mov  ci,fc?  {default  to  dr  a:  on  coiastart 

Jnp  ccp  {Jump  to  cold  start  entry  of  C C? 


VBOOT:  jmp  ccp+6 


{direct  entry  to  CCP  at  command  level 


not  loader  Dies 


*  I 

int_trap: 

cli  JdIock  interrupts 

•nov  ax,cs 

mov  ds,ax  {get  our  data  segment 

mov  dx, offset  int_trp 
call  pmsg 

nit  {nardstop 


Sn i)I F  {not  loader  Dios 


*  * 

*  CP/1  Cnaracter  I/O  Interface  routines  * 

mm  V 

*  console  is  US ART  (1B2P1A)  on  iSRC  B612  * 

*  at  ports  DB/DA  * 

WVW*WM(i*»  ■*  W 


CONST:  {console  status 

In  al  ,csts 
and  ai,2 
Jz  const_rst 

or  ai,2bb  {return  non-zero  if  raa 

const_ret: 

ret  {revr  data  availaoie 
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CON  IN  : 


call  CONST 
jz  CONIN 
in  al.ciata 
and  al t 7f n 
re  t 


> console  input 


*w ait  for  HD A 


;reai  lata  i  rerove  parity  nit 


CONOUT:  ;consoie  output 

in  al.csts 

anl  ai.,1  Jsret  co 

jz  CONOUT 
■nov  ai.cl 

out  ciata.al  Itransr 

ret  ;tcen  r 


Jsret  console  status 


» t ransri t te r  buffer  is  erpty 
»tnen  return  lata 


LISTOUT: 


;  list  levies  output 
>not  implernentel 


LISTS?: 


»pcii  list  status 
Jnot  implemented 


PUNCH: 


Jwrite  punen  device 

Jnot  imolementel 


RUDER: 


mev  al,lan 
ret 


jreturn  eof  for  now 


GETIOBF: 


*07  al,<? 

ret 


5 IOBTTE  NOT  IMPLEMENTED 


SETlOBF: 


Jiobyte  not  implemented 


;  Routine  to  get  am  ecr.o  a  console  cn a ra c ter 
;  anl  snift  it  to  upper  case 


uconecno : 

call  CONIN 
pusn  ax 
rov  cl,ai 
call  CONOUT 
pop  ax 
cup  al ,  'a  ' 
,)b  uret/ 
enp  ai ,  'z ' 
.la  uret 


»?et  a  console  cnaracter 


Jsave  anl 


»ecno  to  console 


Jiess  tnan  'a'  is  o£ 


Jgreater  tnan  z  is  o& 
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sub  al.'a'-'A'  Jeise  snitt  to  ~aps 

uret : 

ret 

OTS  9  i 

iov  ai ,  [MX  J  i^ei  next  cnar  from  message 

test  ai  ,ai 

)z  return  >if  zero  return 

mov  CL.AL 

call  CO NO UP  » print  it 

lac  r.\ 

jnps  pms?  Jaext  cnaracter  ana  icon 

*  WWv'it  V  *r  V'***!5*!1  *»•  v 

;  * 

Distt  Input/Output  Routines  * 

•  V  « 

SELOSK:  ^select  aiss  ^iven  by  register  CL 

ndists  eau  'M  ,'number  of  lists  (up  to  lb) 

Tiov  aist.ci  Jsave  dis*  number 

mov  bx,^^fc5k?n  Jreadv  for  error  return 

cmp  cl,n4isKS  >n  beyond  max  lists? 

jnt  return  Jreturn  if  so 

mov  cn , 0  ;ioubie(n) 

mov  bx.cx  >ex  *  n 

iov  ci  f 4  Jreaav  for  ***  16 

sni  tx,cl  »n  *  n  9  16 

tov  ox, offset  ipbase 
add  bx ,  cx  Jiptase  +  r.  *  15 

return:  ret  Jox  =  .dpn 

HO«E:  jmove  selected  list  to  dome  oosition  (Tract 

mov  io  com ,nomcom 
mov  trit.i? 
can  execute 


SETTR5:  »set  tra^K  address  siven  by  CL 
mov  trie, CL 
ret 

SETSEC:  ; set  sector  number  eiven  by  ci 
mov  sect, CL 
ret 

SECTRAN:  Jtranslate  sector  CX  usin<?  table  at  (DXJ 
mov  cn,4J 
mov  bx,cx 

TEST  DX.fc'ti  IIS  THERE  A  SKEW? 

:i  NQ_S KE'i  UF  NOT ,  RET 


b6 


N  0  SEEN: 


add  bx,dx 

T0V  Di  ,  ( *5  X  J 

ret 

ADD  2X,1 
RET 


;ada  sector  to  tran  tabi3  aoir^ss 
;»e t  ioeicai  sector 


SETdma:  Jset  DMA  offset  given  by  CX 
-nov  lma_adr,CX 
ret 

SETDMAB:  Jset  DMA  segment  given  by  CX 
mov  dma_see.CX 
ret 

! 

GSTSEGT:  {return  address  of  pnysical  memory  tame 

mov  bx, offset  se?_tade 
ret 


*  Ali  disx  I/O  parameters  are  setup:  * 

*  DISE  is  aisir  numDer  (SELDSE)  * 

*  THE  is  tracts  number  (SETTRIO  * 

*  SECT  is  sector  numoer  fSETSEC)  * 

*  10  ADR  IS  THE  PHYS  ADDR  FOR  DMA  * 

*  DMAJIER  is  tne  DMA  isc  offset  * 

*  READ  reads  tne  selected  sector  to  tne  DMA* 

*  address,  and  WRITS  writes  tne  data  from  * 

*  tne  DMA  address  to  tne  selected  sector  * 

99  *****  VWWWVW  VW?*?  WMV  *  W  V«  *«I 


READ: 


WRITE: 


mov  cl, 4 
mov  al.disx 
sal  al,cl 
or  ai.rdcode 
mov  io_com,ai 
jmps  execute 


mov  cl, 4 
mov  al,disx 
sal  ai,cl 
or  al,wrcode 
mov  io  com.ai 


EXECUTE: 
outer_retry : 


{combine  disx  selection 
jwitn  opcode 

; create  ionb 


{create  iopo  for  write 


retry : 


"ov  rtry  ~nt,max_retries 


in  al.rtype  Jciear  controller 

inai.rbyte  » 

can  senlcom 

idle:  in  al.istat  {wait  for  completion 

and  al,4  Jready 

j  z  i  a  l  e 

;  ccecic  i.o.  completion  os 

in  al.rtype 

;  (3(0  unlinked  i/o  complete  01  linnet  i/o  co^p 

;  10  lis>c  status  cnanged  11  (not  used) 

»  must  be  a  00  in  al 

test  al,i0b  {ready  status  cnange? 

JNZ  WREAD7 
OR  AI,0 

jnz  werror  {some  otter  error,  retry 

;  cnecs  i/o  error  bits 

in  al.rbyte 
red  ai,l 

mov  err_coae  ,90n 

Jb  wready  {unit  not  ready 

rcr  ai.l 

mov  err_coae,al 

and  al ,3f  eh  {any  otter  errors? 

jnz  werror 
I 

;  real  or  write  is  o>ct  al  contains  0 

ret 

wready:  {not  ready,  treat  as  an  error  for  now 
in  al, rbyte  Jciear  result  byte 

Jmps  trycount 

werror:  {return  naraware  malfunction 
trycount: 

dec  rtry_cnt 
jnz  retry 
mov  al,err_cole 
mov  at , 0 

mov  bx,ax  {mane  error  code  15  tits 

mov  bx ,  errt  bi  [BIJ 

call  pms*  {print  appropriate  message 

in  ai,cdata  {flusn  usart  receiver  buffer 

call  uconecno  Jreaa  upper  case  console  cnaracter 
emp  al ,  'C  ' 

je  wcoot_i  {cancel 
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3QC  V 

*  sendees  sends  me  address  of  me  iopfc  10  * 


9  9 

*  sendco'n  sends  tne  address  of  tne  iopb  to  * 

*  tne  iSBC  2B2  * 

*t  3* 


y$qt  JJC  9 5?C*  *s  V 3?  5JC *  sgugc  ajc  sjcsje  s*  a*  age^  *s  s*  s^a?  39c  * sjcajc  jjc  *s*c  xfi  j?c  3?  jje &  :*  *  *jc  if.  t*. >*  a* *s  a* 


senaco'n : 


MOV 

CL, 4 

MCV 

AX, DMA  S SO 

SAL 

AX,  CL 

ADD 

AX, DMA  ADR 

MOT 

io  adr Tax 

MOT 

CL, 4 

MCV 

AX  ,  CS 

SAL 

AX, CL 

ADD 

AX,  OFFSET 

out 

ilow.ai 

MOV 

ci,y 

sar 

ax ,  d 

out 

ret 

idea  ,ai 

S  OFFSET  FOP.  2£  2 


9999  9999999  99  ymvvv*«Tyw*******V  9999999  9 

9  9 

*  Data  Areas  * 

9  9 

•  99999999999  99999  999999999999999  99  9999  9  9999999 


data_of 

fset 

dsee 

equ 

offset  s 

o  re 

data 

.offset  ;co 

IOBYTS 

db 

£ 

disn 

db 

£ 

JiisK  numbe 

enanend 

d  b 

9£n 

Jiopb  cnann 

i 0  _C0  M 

db 

fc3 

nsec 

d  b 

1 

JnuTioer  sec 

trie 

db 

£ 

sect 

db 

£ 

, 'start  sect 

;  contiguous  witn  code  segment 
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10  ADR 

rw 

0000H  iPHYS  ADDR  FOR  SBC202  US 2 

dr  a  adr 

dw 

00B0n  > L*A  adr  (default) 

ira_sei? 

1  w 

O  ;DdA  Base  Segment 

HO*!  CO'i 

EO'J 

'X 

pdcSde 

ECU 

4 

ERR  COE 

2  DB 

eaK 

VRCODS 

ECU 

5 

•  —  “  —  — — 

I? 

loader_Dios 

*  1 

J  1 

si enon 

Its 

i 

i 

cr,lf,cr,if 

•  i 
>  i 

1 fc 

'CP/tf-B6  Version  l . a ' , c r ,  if  .0 

I 

1 

SNDIF  ; loader  bios 


IF 

not  ioaler_bios 

»  —  —  * 
•  ! 

•  1 

si^non 

d  t> 

cr,  if, cr, if 

■lb 

'System  Generated  05/25/31 

•  i 
f  ( 

a  b 

c  r ,  i  f ,  Z 

2NDI 

F  >not  loaier_t>ios 

int  t td 

It) 

nr  f  if 

a  d 

'Interrupt  Trap  Halt' 

it? 

cr,if  ,0 

errt  bl 

1  w  5 

r0 , erl ,er2 ,  er3 

aw  e 

r4,er5 ,er6  ,er7 

dw  e 

rB ,ery ,erA,er3 

d  w  e 

rC,erD,er£,erF 

aw  9 

rl0 ,er2a  ,er40  ,  erfaa 

era 

at? 

cr, if, 'Null  Error  ?v',e 

erl 

lb 

cr, if  , 'Dele  tel  Record  :',0 

er2 

lb 

cr , if  ,  'CRC  Error  :  ' , d 

eri 

dD 

cr,  if, 'Data  Overrun-Cnie rrun  : 

er4 

lb 

cr,if,'Seeic  Error  :',0 

er5 

64U 

era 

erb 

9GU 

era 

er? 

equ 

era 

era 

at? 

cr , if  , 'Address  Error  :',0 

ery 

ID 

cr, if , 'Write  Protect  :',0 

erA 

ID 

cr,if,'ID  CRC  Error  : ' , 0 

er3 

ab 

cr, if, 'Write  Error  : '  ,0 

erC 

lb 

cr.  If  , 'Sector  Not  Found  : ' , 0 
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t 1  i'll  fit 


3 


erD 

equ 

er'0 

er£ 

i  o 

cr.if.'i'.c  Address  Mirt 

: 

c»  r  F 

do 

or. if, 'Data  ^ars  Error 

:  ',0 

erlD 

equ 

er3 

er8*) 

equ 

e  r9 

a  r  £ 

equ 

erE 

erBO 

a  d 

cr,  if,  'Drive  ^ot  Ready 

:  ',0 

rtry_ 

cat  d c 

0  ;iis£  error  retry  c 

ounter 

»  System  renory  Segment  Tacie 

segtanle  do  1  ;i  segments 

lw  tpa_se?  *lst  see  starts  after  BIDS 

dw  tpa_ien  ;ana  extends  to  08000 

INCLUDE  DOUBLE. LIB  i READ  IN  DISK  D SFIN ITIDNS 

ioc_stx  rw  38  »' local  stacu  for  initialization 

stKOase  eq.u  offset  3 

las  toff  eau  offset  $ 

tpa_$ee  equ  (lastof f+0400n+i:o)  /  16 

tpa_len  equ  Ur've a  -  tpa_seg 

4d  ; o  »fill  last  address  for  GENCMD 


V  *<* 

*  Eur^my  Data  Section  356 

V  V 

W**f  W9  V  w  w  W^v*«**  iff  W  ffff  ff  V  VW  W  V 


dsee 

ore 

intO_of fset 
int^_seement 
;  ~  pad  to 

rw 


0  faosolute  low  memory 

0  ; (Interrupt  vectors) 

rw  1 

rw  1 

system  can  vector 
8v(Ddos  lnt-i) 


Dios_offset  rw  1 

tdos  segment  rw  1 

END 


rtry_cnt  in  a  IdlsK  error  retry  counter 
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A 

n. 


PFEKBIT. 


n 


ROM  bootstrap  for  CP/v-=6  or.  ar.  iSFCr5/l  2 
w  i  t  n  tne 

i  SBC  22 i  Floppy  Disi  Controllers 


Copyri?nt  (C)  1962,1961 
Digital  F.esearcn,  Inc. 
Box  579,  Pacific  Orcve 
California,  93962 


•  S@W  WWW  9  VXfWVW  WWVWV  *WW*#*M* 

; *  Tnis  is  tne  FOOT  SOM  wnicn  is  resident  * 
;*  in  tne  957  monitor.  To  execute  tne  coot  * 
;*  tne  nonitor  must  be  brougnt  on-line  and  * 
»**  tnen  control  passed  by  tne  command  * 

;  *  "ef  f  d4 :  2”  .  First,  tne  ROM  moves  * 

;*  a  copy  of  its  data  area  to  SAM  at  icca-  * 
; *  tion  2222 2K ,  tnen  initializes  tne  segment* 
;*  registers  and  tne  stacs  pointer.  Tne  * 
;*  various  peripneral  interface  cnips  on  tne* 
»*  SLC  86/12  are  initialized.  Tne  6261  * 

;*  serial  interface  is  configured  for  a  96454* 
;*  baud  asyncnronous  terminal,  and  tne  in-  * 
;*  terrunt  controller  is  setup  for  inter-  * 
; *  rupts* 12H-17H  (vectors  at  22240E-2225FE)  * 
; *  and  edge-triggered  auto-SOI  (end  of  in-  * 
**  terrupt)  mode  witn  all  interrupt  levels  * 
;*  masied-off.  Next,  tne  221-242  Diskette  * 
»*  controller  is  initialized,  and  traci  0  * 

,**  sector  1  is  read  to  determine  tne  target  * 
»*  paragrapn  address  for  LOADER.  Finally,  * 
;*  tne  LOADER  on  trees  2  sectors  2-26  and  * 
»*  tracs  1  sectors  1-25  is  read  into  tne  * 
;*  target  adlress.  Control  tnen  transfers  * 
to  LOADER.  ROM  * 

;*  4  contains  tne  even  memory  locations,  and* 
; *  ROM  l  contains  tne  odd  addresses.  BOOT  * 
;*  SO*  uses  RAM  oe tween  22222 H  and  222FFH  * 
im  (absolute)  for  a  scratcn  area,  aion?  witn* 
;*  tne  sector  l  buffer.  * 

cr  e^u  Id 

If  equ  12 

;  aisle  ports  and  commands 


74 


I 


case 

eu  u 

07°n 

rtype 

equ 

ease*l 

mbyte 

equ 

oase+3 

reset 

eq  u 

tase+7 

9 

is  ta  t 

equ 

base 

ilow 

?qu 

base+1 

ini  pn 

equ 

base+2 

t 

factual  console 

Daua 

ra  te 

oaui_ra  te 

equ 

9600 

: value  for  *253 

taud 

counter 

baud 

equ 

76°/ ( baud_rate/100 ) 

9 

csts 

euu 

0DAn 

5 1 6261  status  port 

data 

equ 

0C°n 

5  "  data  port 

9 

tcn0 

equ 

0E0n 

5=263  PIC  cnannel  0  port 

tcnl 

equ 

tcn0+2 

5 cn  1  port 

tcn2 

equ 

tc  n0+4- 

fen.  2  port 

tend 

equ 

tcn'0+6 

58253  command  port 

irpl 

equ 

0C0n 

58259a  port  0 

icp2 

# 

equ 

0C2n 

56259a  port  1 

» 

secsec 

eau 

0c°n 

{offset  for  traci  l 

5 

RDPSSG 

SOU 

0FID4H 

9 

f 

cseer  romsee 


9 

•  First  f 
» 


» 


move  our  data  area  into  RAP  at  000 0:0200 


mov  ax,cs 

mov  d$,ax  5point  DS  to  CS  for  source 

mcv  SI  ,dromoegin  fstart  of  data 

rrov  DI, offset  ram_start  {offset  of  destination 
•nov  ax,0 

mov  es,ax  {destination  segment  is  0000 

nov  CX ,  da  ta_len*tn  {.do*  mucti  to  move  in  bytes 

rep  movs  ai,ai  ;nove  out  of  eprom  a  byte 

fat  a  time 


mov  ax,0 

mov  ds,ax  5data  segment  now  in  RAP 

mov  ss.ax 

mov  sp, stacJi_of fset  {Initialize  stacst  segment/ 

{pointer 

{clear  tne  direction  flag 


cld 


Setup  tne  6259  Programmaoie  Interrupt  Controller 


* 


'T'O  V 

al , I3n 

out 

icpl ,ai 

;y259e 

ICV  l  node 

710  V 

ai , 10n 

out 

icp2,al 

Jb259a 

I C V  2  vector  'J  40 -6 F 

nov 

al f lFn 

out 

icp2,ai 

jy2b9a 

ICV  4  auto  £01  master 

710  V 

al , /FFn 

# 

out 

icp2,ai 

.’62  by  a 

OCV  1  nas.<  an  levels  off 

; Reset 
• 

and  Initialize 

tne  221/202  Diskette  Interface 

f 

res  tart 

* 

* 

» also 

come  oacx 

nere  on  fatal  errors 

i  n 

al ,  rtype 

.clear 

status  type  resister 

in  al,rfiyte 

jclear 

status  register 

out 

reset , a  i 

» reset 

diskette  system 

noner : 

mo  V 

MX, of f  set 

no  me 

CALL 

execute 

jnome  d 

rive  0 

» 

mo  v 

fix, OFFSET 

sectorl 

.offset  for  first  sector  D^A 

mo  v 

ax ,  fix 

.enter 

in  packet 

mcv 

ex ,  offset 

rea-30+5 

t  n 

mo  v 

l fix] .al 

! 

i  nc 

fix 

TlOV 

[fix  J  ,aa 

Jpacxet  now  complete 

710  V 

fix , offset 

real/ 

Jpacxet  lo -'at ion 

call 

execute 

.send  pactcet 

! 

mo  V 

es ,  afis 

.segment  loc  for  LOADER 

mo  v 

ax ,  es 

.must  translate  to  16  cit  acs 

mov 

Cl,  04 

Jaddr  for  dis*ett  =  controller 

sal 

ax ,  cl 

mov 

fix , offset 

readl+b 

mov 

[fix  J ,al 

Jen  ter  in  packet 

i  nr 

DX 

mov 

[fix  J , an 

mov 

tx , of f set 

reall 

. 

call 

execute 

J  read  tracx  i£ 

t 

mov 

cl,  04 

mov 

ax,es 

.'compute  offset  for  tracx  1 

aid. 

ax , secsec 

sal 

ax,  cl 

mov 

fix ,  offset 

read2+S 

mov 

L  b  x  J ,al 

lac 

fix 

mov 

[fix J  ,an 

mov 

fix , offset 

reaa2 

76 


I 


;  enter  LOAlilfi 

jTipf  iwori  pt  r  ieap_offset 

! 

prs*: 

Tio  v  cl  t  [bl\ 
test  cl,ci 
jz  return 
call  conout 
inc  ET 
jrp  pms.? 

f 

conout : 

in  ai.csts 
test  al  ,1 
jz  conout 
Tiov  al,ci 
out  cdata.al 
ret 

f 

oonir. : 

in  al  ,csts 
test  al  ,2 
jz  conin 
in  al.cdata 
and  ai,7F a 
ret 


execute : 

retry:  »re*  ’  if  ,*.'ive  not  ready 

in  ai,rtype  ;ciear  controller 

in  al,royte  f 

call  sendcorc 

idle:  in  ai.dstat  isysten  status 

and  ai,4 

jz  idle  Jsystem  awaiting  mterupt 

in  ai,rtvpe  ;cnec£  drive  status 

test  alt2 
Jz  intcmp 

:vp  p£jR] f  ;I/C  NOT  COMFLITi’,  TKY  AC-A1  N 


77 


i  r.  t  r  m  p 


i 


S  U  7.  U  S 


:  in  a  i ,  r  oy  t  e 
-ci  =1,1 
jae  iocno 
PC?.  a!  ,  1 
Jrp  ratal 
iccrp:  r^r  al,l 

ana  ai,Kfea 
jz  return 
JVF  PETRI 


is  ccroiete 


;  restore 
;  a r.y  errors  V 


ratal: 

/TEST: 


return : 


"HOY 

Ci  ,  t 

>  ra  cal  error 

P.CR 

AL,  1 

i  nr 

Cl 

TEST 

AL  ,21 

i  >♦ 

J  ~  * 

test 

mcv 

ai ,  cl 

"10  V 

an ,  £ 

ADr 

AX  ,  AX 

T'OV 

ex ,  ax 

i  pa  ice  15  cits 

-c  V 

5x,errt0i[EX] 

prin 

t  appropriate 

error  message 

call 

call 

*  o  ni  n 

»wait  for  xsy  stride 

pop 

ax 

Jiiscara  nausea  ite^ 

res  tart 

; tnen  start  ail  over 

p  £7 

return  fror  EXECUTE 

sealro-n: 

71  O  V 

out 

(TO  V 

sar 

out 

ret 


; routine  to 
ax ,  fcx 
i 1 ow , a  1 
ci « as 
ax ,  ci 
inign  ,a  1 


sen!  a  compano.  stria?  to 


Jpaci cet  actor 


>2\ 


>  Ina?e  oi‘  lata  to  tse  novel  to  RAr-* 

f 

ironDeein  eau  ort'set  $ 

f 

J 
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re  a  lb  trine 


> 

cread  tr't0 


creaitrsi 


•'roTiee 


» 


cerrtoi 

» 

d  w 

1* 
d  w 

dw 

dw 

dv 

lw 

lw 

Cer0 

db 

Cerl 

db 

Cer2 

d  b 

Cer3 

db 

Cer4 

db 

Cer5 

db 

Cerb 

db 

Cer? 

db 

1 

drorcend 

equ 

a  0 

etf  n 

Jparareter  oiorK  ic~w 

a  b 

4n 

>  real  function  cone  for  drive 

ib 

1 

sectors  tc  reaa 

ib 

2 

jtrarx  ft 

d  b 

1 

Jstart  witn  sector  l 

1  0 

2 

» wi ii  contain  iowcr  ay te  a nor 

db 

4? 

»  "  upper 

1  D 

H0n 

d  b 

4n 

;  real  rrul t ipie 

d  t 

25 

sectors  to  reap 

1  D 

0 

>’  t  racK  0 

db 

;  start  *  i  t  n 

1  D 

0 

;aaar  for  tracx  0  ?oe s  ners 

db 

2 

> 

d  b 

d  b 

4 1 

db 

25 

; sectors 

d  b 

1 

;tracs  ft 

db 

1 

»  s  ta  rt  wi tn  sec  ter  1 

1  D 

0 

»aaar  1st) 

d  b 

0 

; aair  ns  c 

lb 

ban 

DB 

03  E 

ib 

0 

ib 

0 

i  b 

0 

db 

0 

db 

0 

offset 

era 

offset 

erl 

offset 

er2 

offset 

er3 

orr set 

er4 

offset 

e  t*  w 

offset 

erb 

offset 

er7 

cr  t if  f 

Nuii  Error  Y 7  ' , 0 

cr,if,'CRC  Error', a 

cr, if, 'Sees  Error', 0 

or , if , 'Address  Error', 0 

er,if , 'Data  Overrun-Underrun'  ,< 

cr, if, 'Write  Protect', 0 

or, if, 'Write  Error', 0 


cr, if, 'Drive  Not  Ready', 0 


offset  $ 
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eju  iromeal-dromoesrin 


> 

lata  1  e  n  s  c  .1 


I 

;  reserve 

s  pace 

i 

n  ?.Ay  f 

or  data 

area 

;  (no  nex 

records 

genera  tel  nere  ) 

» 

else? 

0 

o  r? 

020en 

t 

ram_start 

equ 

s 

readtf 

rr 

? 

;  read 

t  ra  "  sc  k5  sector  l 

readl 

r  c 

7 

;  read 

TY  S2-2b 

read2 

r  d 

7 

» reaa 

T1  Si -26 

nome 

r  b 

7 

>  none 

drive 

errt  ol 

rw 

u 

era 

rt 

lengt.o 

ceriJ 

>16 

erl 

ro 

1  e  n  *  t  ft 

cerl 

er2 

rb 

ienfttn 

cera 

er3 

r  d 

le&gtn 

cer3 

er4 

r  & 

lenetn 

c  e  r  4 

>14 

er5 

r  b 

lengtn 

cerb 

;  n 

era 

r  d 

lengtn 

cerb 

>15 

er? 

r  b 

leastn 

cer7 

117 

f 

leap_cf f set 

rw 

1 

leap~seement 

t 

rw 

1 

i 

rw 

32 

>’  local 

stac>c 

s  tacK^off  set 

equ 

offset 

$»stacn 

from  nere  ao*n 

I 

} 

T  0  31 

read  in 

nere 

secto  rl 

equ  of 

set  $ 

! 

Ty 

rb 

1 

Len 

rw 

1 

ADS 

rw 

1 

;  A.SS  is  all  *e  car°  aDOut 

Min 

rw 

1 

**ax 

rw 

1 

eni 

B 16 


APPENDIX  D 


tide  'bZcG  DistJ  I/O  Drivers' 


V  V  y  V  V  V  V  V  '<*  V  *»*  W  V  V*V‘  V  V  '(•  V  v  W  V  3*5  V  V  v  •>•  »I*  V  ;t»  3g5  «|S  'i'  V  V  1,5  3,5 

* 

*  Sasic  Input /Output  System  ( 3 i u 5  '  for 

*  C?/V9o  Configured  for  iSSC  ?6/l'd  witn 
9  me  iSEC  ZVi  Floppy  Dis s  Controller 


ifi  V  *,5  3,5 

9JS 


*  (Note:  mis  file  contains  cotr.  emceddec 


9  tans  anl  oianics  to  minimize  tne  list  file  9 


9  wiatn  for  printing  purposes,  fou  may  »isr.!* 
9  tc  expand  tne  Diar.-cs  cefore  performing  * 
9  -"a  jor  edi  tin*.  )  * 

Jft  3jt  3ft  3ft  3fC  <|(  3ft  3ft  3ft  3ft  3ft  3ft  5Jt  5ft  3ft  3ft  JfS  3ft  3^  3^5  3ft  3ft  3ft  3JS  Jp  3ft  3ft  3fC  3ft  3ft  3JC  3ft  ?ft  1,5  3f (  3ft  Jft  3ft  3ft  3JC  3ft  3ft  3J? 


Copyrig.nt  (C)  I96»?,l9di 
Digital  Research,  Inc. 

Sox  579,  Pacific  Drove 
California,  9 <5 9 ok! 

(Permission  is  nerecy  *rar.tea  to  use 
or  aostract  tne  following  program  in 
me  impiementat  ior.  of  CP/>!,  KP/’I  or 
CP/NET  for  tne  dfcidt;  or  6 £Hd  ^lcro- 
prccess  or ) 


true  equ  -1 

false  equnottrue 

•  J,t  3,5  3^  3fS  3,5  >ft  3^  3ft  3,t  *ft  3jjt  3ft  3,5  3,t  3,t  3ft  3ft  3,5  3,5  3,5  *,5  3,5  3f5  3ft  3*5  3,3  3f«  1,3  3ft  1,5  3,5  3,5  3,5  3,5  3,5  3^  3,5  3,t  3,5  3,5  3,5  »,5  1,5  3,5 

•  *  3ft 

;*  Loaier_tios  is  true  if  assembling  tne  9 

;*  LOADER  SIOS,  ctnerwise  2I0S  is  for  tne 
;*  C?*.SrS  file.  Slc_iist  is  true  if  *e  9 

; 9  nave  a  serial  printer  attacned  to  2LCd£3d  9 
;9  £dos_int  is  interrupt  nsec  for  earlier  9 
; 9  versions.  9 

•  *  ‘is 

•  V  W  Y  9  V  V  ^  S’  V  'i?  V  ^  V  V  ^  W  V  V  v  V  A*  ir  w  *1*  V  ***  V  V  V  V  V  3,5  3,5  3,5  3,5  3,5  3,5  3,5  1,5 

ioaler_0ios  equ  false 

oic_ils t  equ  true 

oios_int  equ  EE4  {reserved  SDCS  Interrupt 

I?  not  loader  oios 


9 


I 


W  3*  ZfiW  w  V  sps*  *  V  V  *?  i,5  >.«  V  «*  ^  *  V  *,? 

V  a? 

*  Intel  1SBC  224  Disx  Controller  Ports  * 
*.« 

V?  WWW  V  W  V  V  WWVWW  W?  WW 


case224 
flC  _COrr 

f dc_sta  t 
f  dc_parm 
fdc^rsl t 
t'dc_rst 
lTiac_air 
a^ac_oont 
dmac_scan 
i‘rac_salr 
2  ■nac_Tioae 
: ”a c_s  ta t 
* : ~  _s pi 
r  *  c  segment 


equ  2a2n 


Dase224+2 
case224+2 
oas  e224+l 
Dase224-*-l 
oase224+2 
Dase224+4 
Dase224+b 
Dase224-*-t> 
oase204+? 
Dase2fc!4+fc 
oase224+8 
Das  e204+9 
Dase204+12 


SBC224  assigned  address 

8271  ?DC  out  command 

8271  in  status 

8271  out  parameter 

8271  in  result 

8271  out  reset 

8257  DMA  Dase  address  out 

8257  out  control 

8257  out  scan  control 

8257  out  scan  address 

8257  out  mode 

8257  in  status 

FTC  select  port  (not  used 

segment  address  register 


rese  t_204 

equ  Dase204+ib 

Jreset  entire  interface 

nax_ret  ri es 

e a  u  IE 

Jmax  retries  on  lisu  i/o 
J  oefore  perm  error 

or 

equ  Oil 

{carriage  return 

if 

e  q  u  0  a  n 

Jline  feel 

cseg 

0  re 

ccpof f set 

ccp : 

0  r? 

oi os_coie 

39c  jjr  W*  V  *  *  V  *  V  W  jgc  *  V  W  ¥  V  **  *  S?6  #  jgcjqc  VJ*  JjC*  9  9  M  i*  V  3*  w 
•?  V 

v  BIOS  Junp  Sector  for  Iniividuai  Routines  v 

V  V 

WWXWWWW  WWW9V&WWW  VW  WWWW  W  ¥¥¥« 


Jnp  INIT 
jnp  '//BOOT 
jnp  CONST 
jmp  COMN 
j-np  CONOUT 
j-np  LISTOUT 
j-np  PUNCH 
jnp  READER 
j-np  HOME 
j-np  SELDSK 
j-np  SETTRA 
jnp  SETSEC 
jnp  SETDMA 
jnp  READ 
j-np  VRITE 
j-np  LISTST 
jnp  SECTRAN 
jnp  SETDMAE 
jnp  GETS EGT 
jnp  GETIOBf 
jnp  SETIOBF 


; Enter  from  BOOT  ROM  or  LOADER 
{Arrive  nere  from  BDCS  call  o 
{return  console  iceyooari  status 
{return  console  xeyDoarl  cnar 
{write  cnar  to  console  device 
{write  cnaracter  to  list  levice 
{write  cnaracter  to  puncr.  levice 
ireturn  cnar  from  reader  levice 
{move  to  trie  00  on  cur  sei  drive 
{select  disi  for  next  rl/write 
{set  tractr  for  next  rd/write 
{set  sector  for  next  rd/write 
{set  offset  for  user  cuff  (CMP.) 
{read  a  l'dc  cyte  sector 
{write  a  12b  Dyte  sector 
{return  list  status 
ixiate  iocicai->pnvsicai  sector 
Jset  seg  Dase  for  ouff  (DMA) 
{return  offset  of  Mem  Desc  Taoie 
♦return  I/O  map  tvte  (IOBKTE) 
Jset  I/O  nap  Dyte  (IOBTTE) 


**  jjt  xf  jjt  ijt  *  *  xjt  J)C*  j*  *  j?  ajt  jjs  39s  ajti*  *  jjj  ajc  w  j?s  *  j*  x?  *  jjs  w  j*  3*  sjc  *  ^  jjc  s*  a?  a*  j*  ^  v 
V  i,x 

*  INIT  Entry  Point,  Differs  for  LDBIOS  and  * 

*  BIOS,  according  to  ’*Loader_Eios”  value  * 

Sit  3* 


INIT: 


Jprint  si 
nov  ax,cs 
mov  ss,ax 
nov  ds.ax 


?non  message  and  initialize  Hardware 
{we  entered  witn  a  JMPE  so  use 
J  CS:  as  tne  initial  value  or 
J  DS  : , 


SB 


£3 


pov  es,ax  ;  aa:  iS: 

Juse  local  stacic  durinv  ini  t  i  ali  za  t  ion 

71  o v  sp, offset  stioase 

oil  ; set  forward  direct ion 


IF  not  loader  Dios 


1 

Tais  is  a  BIOS  for  tne  CPP.SYS  fixe. 
Setup  all  interrupt  vectors  in  low 
TetT’ory  to  address  trap 


pusn  as  Jsave  tne  DS  register 

■> o v  ax,k' 

Tiov  as,  ax 

•«ov  es.ax  ;set  2S  ana  DS  to  zero 

jsetup  interrupt  £  to  address  trap  routine 
pov  int4)_of  f  set ,  of  f  set  mt_trap 
7i o v  intfe5_segment,CS 
tiov  di,4 

pov  si, 45  itnen  propagate 

tov  cx,5145  jtrap  vector  to 

rep  rovs  ax, ax  fall  255  interrupts 

;BD3S  offset  to  proper  interrupt 

tiov  bdos_of  f  se  t ,  Ddos_of  s  t 

pop  is  ~  ; res  to  re  tne  DS  register 

W  SJS  W sje  5«e  j* Jjc  t*  WV  V  V  W  &  V  V  V ««  ^ sp  V  &  V *  V  W  V  J*  V  **  V  V  V  W  W  J?  ss  V 

V 

*  National  "bLC  bb3b”  Cnannel  c  for  a  serial15' 

555  962545  baud  printer  -  tnis  board  uses  6  Si*--* 

:f  netics  25651  'Jsarts  wnic.n  nave  on-cnip  baud'-' 

*  rate  venerators.  * 


jfi.  j,s  if.  v  w  ffi 


v  v  ;iJ  v  *.’•  •>' V*i*  'i;  v  »»»  *i*  V  *£  *»*  5*1 


tiov  al,45FFn 

out  oic_reset,al  Jreset  an  usarts  or.  953  b 
tcv  al,4En 

out  14ata+2,al  Jset  usart  4'  i  r.  asyr.r  b  oil  -"one 
pov  ai,3En 

out  idata+2,al  »’set  usart  0  tc  96045  Daua 
rov  a  1,37.1 

out  liata*3,ai  ;enaoie  Tx/'Rx,  and  set  in  F.T3 , 15TE 

•  t  1 

J  1  ! 


;  Tn  i  s  is  a  BIOS  for  me  LOADER 
ous r.  is  ; s a ve  lata  seener. t 

•no v  a x ,  V 

tcv  is  ,  ax  .point  to  segme ct  zero 

>'£DC3  interrupt  offset 
mov  cio s_oi’f  set ,  bio s_of  s t 

tov  bios_segmect,CS  ,*Dios  interrupt  segment 
pop  is  Jrestore  lata  select 


SNCi F  ; loader  Dios 


mov  bx, offset  signon 

call  pmse  .'print  sienon  message 

.•nov  ci .  'B  .default  to  dr  A:  on  coiistart 

jmp  cco  Jjump  to  cold  start  entry  of  CC? 


rtbOOT:  .Imp  ccp+S 


.direct  entry  to  CC?  at  comma  ::  i  level 


not  loader  Dios 


.  i 

let  trao: 


c  l  i  »diock  inter rupts 

mov  ax.es 

mev  is, ax  .get  our  lata  segment 

mov  Dx, offset  int_trp 
can  pmsg 

nit  J.iarcstop 


ENDIS’  ; not  loader  Dios 


99999999999  999999999999999  9999999999999 
9  9 

*  CP/M  Cnaracter  I/O  Interface  Routines  •" 

*  Console  is  (Jsart  (iB251a)  on  iSBC  B'o/IE  ,f 

*  at  oorts  DB/DA  * 

9  ‘  9 
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CONST:  .console  status 

in  al.csts 
and  alt2 
Jz  const_ret 
or  ai,25b  .return 

const_ret: 

ret  ,'Receiv 


.return  non-zero  if  RDA 


.’Receiver  Data  AvaiiaDie 


CONIN : 


call  const 


.console  input 


i~t  3213 


( 


jz  COMM  Jwaii  for  HE  A 

in  ai,caata 

am  ai,7fn  jread  data  at  a  remove  parity  bit 

ret 

CONO UT:  jconsoie  output 

in  ai,csts 

and  al,l  Het  '’oasole  status 

jz  COM OUT  >  w  a i t  for  TPL 

r.  o  v  a  1 ,  c  1 

cut  caata.ai  JTransmi tier  Buffer  Empty 
ret  ;tnen  return  data 

LISTOUT:  Hist  device  output 

IF  bic_iist 

i  — 

•  j 

*  i 


f ! 


ENPIF  ; olc_list 
ret 

LISTST :  ;pcli  list  status 

IF  blc  list 


i 
i 

in  al.lsts 

and  aitBln  Hooi  at  ootn  TxREf  and  DTP. 

ctp  ai.ein 

Jnz  zero  ret  Jeit.ner  false,  printer  is  ousy 
or  ai,25S  JDotn  true,  LPT  is  ready 

J 
1 

SNDIF  ; olc_ii st 
re  t 

PUNCH:  »not  implemented  in  tnis  configuration 

RilALKR: 

Tiov  ai,lan 

ret  f re  turn  EOF  for  now 

CHTIOBF: 

mov  ai ,  fc?  *  TTY:  fo  r  consistency 


I 

call  LISTST 

jz  LISTOUT  ,’wait  for  printer  not  busy 

Tiov  ai,cl 

out  llata,ai  Jsend  cnar  to  TI  81*1 

I 

i 


ret  JIOEYTE  not  implemented 

SET I  OBJ: 

ret  JioDyte  not  implemented 


zero_ret : 

and  al,0 

ret 

; re  turn  zero  in 

AL  ana  flags 

;  Routine  to  ?st 

-ad  ecno  a  console  cna 

racter 

;  ani  silt1?  >t  to 

uconecno : 

upper  case 

call  CONI N 
pusn  ax 

Js’et  a  console  cnaracter 

mov  cl , al 
call  CONOfJT 

fsave  and 

pop  ax 
cmp  al ,  'a  ' 

Jecno  to  console 

jt  uret 
cmp  al ,  'z ' 

jiess  tnan  'a'  is  ok 

J a  uret 

greater  trail  '  z'  is  ok 

su  D  ai ,  'a  'a.  ' 

feise  snif t  to  caps 

ure  t : 

ret 


»  utility  subroutine  to  print  messages 

pmsg: 

mov  al,(£XJ  »?et  next  cnar  from  message 

test  al,ai 

j z  return  ; i f  zero  return 

o  v  C  L  *  AL 

call  CONOUT  iprint  it 

inc  BX 

j Tps  press'  ;next  caaracter  ana  loop 

J  #  V 

;*  lisfc  Input/Output  Routines  * 

;  *  * 

•  »«««?  Wf  WV  WffWWft*  WWWWW  VWWWWW 

;seiect  disK  i?iven  by  register  Cl 
mov  fix » ifltd  ton 

c^p  cl, 2  ;tnis  BIOS  only  supports  2 

jnD  return  Jreturn  */  0000  in  £X  if  ca 

mov  alt  90a 

CTip  cl  ,  0 

Jne  sell  iirive  l  if  not  zero 

Tiov  al ,  40a  jeise  drive  is  0 


b7 


SEEDS* 


xi  xi 


sell 


mov  s e  1  _t a  s  ic ,  a  1  jsave  drive  select  masK 

itovi  we  need  disic  oaraneter  address 

mov  cn,0 

mov  bx,cx  »  3  X  =  wort  (CL) 

mov  cl ,  4 

sni  ox, cl  Jmuitipiy  anve  code  v  16 

threats  offset  from  Dls*  Parameter  Base 
add  ex, offset  dp_ease 

return : 

ret 

HOMS:  Jmove  selected  dlst  to  nome  position  (Trac*  2) 

mov  trt,0  Jset  list  l/o  to  tracic  zero 

mov  bx,  offset  nom_com 
call  execute 

jz  return  jnome  drive  and  return  If  OK 

mov  ex, offset  bai^ncm  jeise  print 
call  pmsg  J^Home  Srror" 

jmps  nome  fand  retry 

SETTRK:  Jset  tracK  address  given  by  Cl 

mov  trir,cl  ;we  only  use  B  oits  of  tracic  address 

ret 

SSTSEC:  Jset  sector  number  given  ev  cx 

mov  sect, cl  Jwe  only  use  8  Bits  of  sector  address 

ret 

SECTRAN :  Jtranslate 
mov  ex,cx 
add  bx,dx 
mov  el ,  [oxj 
re  t 

S ST DMA:  Jset  DMA  offset  eiven  oy  CX 
mov  dna_adr,CX 
ret 

SETDMAB:  Jset  DMA  segment  given  oy  CX 
mov  dma_see,CX 
ret 

♦ 

GETSEGT:  Jreturn  address  of  pnysioal  memory  taele 

mov  ox, offset  seg_taoie 
ret 

;  v  * 

J*  All  disK  I/O  parameters  are  setup:  tne  * 

;*  Read  and  rfrite  entry  points  transfer  one  * 

;*  sector  of  129  oytes  to/from  tne  current  * 


sector  CX  using  tacie  at  [DXj 

Jaid  sector  to  tran  table  address 
Jget  logical  sector 
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»*  D^A  address  using  tne  current  liss  drive  * 

;  **  * 

R2AD: 

mov  ai,i2n  {basic  read  sector  command 

Jmps  r_w_common 

,<RIT2: 

mov  alti'an  {basic  write  sector  command 


r_w_com'non: 

mov  ex, offset  io_com  ; point  to  command  string 
mov  byte  ptr  l[£XJ,ai  { put  command  into  strin* 

;  fail  into  execute  and  return 

execute:  {execute  command  stride. 

; [3XJ  points  to  lengta, 

;  followed  toy  Command  oyte, 

>  followed  by  ienetn-1  parameter  bytes 

mov  ia$t_com,3X  {save  command  address  for  retries 
outer_retry: 

{allow  some  retrying 
mov  rtry_cnt ,max_retries 

retry: 

mov  .fcX,iast_com 

call  ser.d_com  {transmit  command  to  iB2'7i 
{  ctiectc  status  poll 

mov  £X,last_com 
mov  al,l[oxJ 
mov  cx,l'Hfc!fc.n 
cmp  ai,2cn 
J b  execjpoli 
mov  cx.Bt'Ben 
and  ai,4Jfn 
cmp  al,0cn 
mov  a  1,(? 
ja  axec_exit 

exec_po 1 1 : 

in  ax,fdc_stat 
and  al,cn~ 
xor  ai,cl 
Jz  exec_poli 


in  al,fdc_rslt 
and  ai,len 


{get  command  op  codet 

{mass  if  it  will  be  "int  req" 

{ok  if  it  is  an  interrupt  type_ 

{else  we  use  "not  command  busy" 

{unless  tae re  isn't 

{  any  result 

{poll  for  bits  in  CH, 

{  toeeled  witn  Dits  in  CL 

{read  status 

*  isolate  wnat  we  want  to  poll 
{and  loop  until  it  is  done 

{Operation  complete, 

»  see  if  result  cole  indicates  error 


Jz  exec_exit 


{r.c  error,  tner.  exit 
iiOTs  type  of  error  occurred  .  .  . 

cnp  ai,l<rn 

je  ir  nrdy  {was  it  a  not  ready  drive  ? 

{ no , 

ar_rd.y:  {  tnen  we  just  retry  real  or  write 
dec  rtry_cnt 

Jnz  retry  {  up  to  tires 

{  retries  do  not  recover  from  tne 

;  r.ara  error 

m  o  v  a  ft » i? 

mov  cx,ax  JmaKe  error  coae  16  cits 

o v  ox , errt  pi  [£XJ 

''ail  pmse  {print  appropriate  messa^® 

in  ai.cdata  {flusn  usart  receiver  buffer 

call  uconecno  {read  upper  case  console  cr.eracter 
ctp  al ,  'C ' 

je  wboot_l  {cancel 

cmp  ai , ' 

je  outer  retry  {retry  1L‘  mere  times 
cup  al,  T' 

je  z_ret  {ignore  error 

or  al,255  iset  code  for  permanent  error 

exec_ex it: 

ret 

4r_nrdy:  {mere  to  wait  for  drive  ready 

call  te$t_ready 

jnz  retry  »if  it's  ready  now  w®  are  dene 

call  test_ready 

jnz  retry  {if  not  ready  twice  in  "ow. 

mov  DX.offsgt  nrdymsg 

call  pms?  {Drive  Not  Heady" 

nraytf 1 : 

call  test_ready 

jz  nrdytfl  {now  loop  until  drive  ready 

jmps  retry  Jtnen  go  retry  witnout  decrement 

zre  t : 

and  al.k! 

ret  {return  witn  no  error  code 

wboot_i:  {can't  maice  it  w/  a  snort  leap 

jmp  WBOOT 

J  aitagcigcwiJitijCVJgtwciicwVWilt W aiCW** WWW 
J  V  V 

{*  The  1B271  reauires  a  read  status  command  * 
to  reset  a  drive-not-reaay  after  tne  * 

{*  urive  becomes  ready  v 


tes  t_reau.y : 

mov  dn,  42S  Jproper  masa:  it  lr  1 

test  sei_masi,S0n 
jcz  r.riy-2 

’"ov  l*i,  C4R  Jrasic  tor  lr  0  status  bit 

nrly2 : 

Tiov  bx, offset  rds_ccm 
bail  send_com 

dr_po 11 : 

in  al,fdc_stat  »get  status  word 
test  al ,50*1 

jnz  dr_poil  »wait  for  not  command  cusy 

in  ai,fdc_rslt  «get  "special  result" 
test  al  ,in  Hook  at  bit  for  tnis  irive 

ret  Jreturn  status  of  ready 

•  w  WWW  WWWW  W  W<*  W»WW  WWWtf  V 


*  Send_com  sends  a  command  and  tiarameters  5:5 

*  to  trie  18271:  BX  addresses  parameters.  v 

*  T.ne  DMA  controller  is  also  initialized  * 

*  if  tnis  is  a  read  or  write  * 

•r  V 


send_com: 

in  al,fdc_stat 

test  al,SKn  tinsure  command  not  busy 

jnz  send_com  iloop  until  ready 

» see  if  we  nave  to  initialize  for  a  Di fA  operation 

Tiov  ai,l[bxj  feet  coTimand  bvte 

cmp  al,i2n 

jne  write_maybe  »lf  not  a  read  it  could  re  write 
mov  ci,4i2n 

J rips  init_lma  »is  a  read  command,  go  set  DMA 
write_7iaybe: 

cmp  ai,fcjan 

Jne  dma_exit  Heave  DMA  alone  if  not  read  or  writP 

tiov  cl,fc£n  jwe  nave  write,  not  read 

init_dna: 

;we  nave  a  real  or  write  operation,  setup  DMA.  controller 
(CL  contains  proper  direction  bit' 
tiov  a!,04n 

out  dmac _mode ,ai  ienable  imac 

mov  ai 

out  dmac_ccnt,al  Jsend  first  oyte  to  control  port 


;  M&sjjm 


ana 


mov 

al  ,ci 

out 

dnac_ccnt ,ai 

J  i  o  ad 

mov 

ax , dma_anr 

out 

lmac_air ,a 1 

» s  end 

mov 

ai ,  an 

out 

dmac_adr ,a 1 

*  send 

mov 

ax ,  dma_se? 

out 

f lc_se£,ment  ,ai 

»send 

mov 

al ,  an 

out 

fio_se?ment ,al 

>  tr.en 

exi  t : 


direction  register 
low  oyte  of  PYA 
nigii  byte 

low  Cyts  of  segment  address 
ni en  seement  address 


mov  ci ,  [BXJ 
inc  MX 
mov  ai ,  [3X  J 
or  al,sei_masic 
out  i'dc_com,al 
parm_loop: 

dec  ci 


Jget  count 
Jget  command 

Jmerge  command  and  drive  cone 
fsena  command  tyte 


j z  exec_exit 
Inc  MX 
parm_poli : 

in  al,fdc_stat 
test  al,2en 
jnz  parm_poil 
mov  al , [EXJ 
out  f ic_parm ,ai 
jmps  pam_loop 


Jno  (more)  parameters,  return 
, 'point  to  (next)  parameter 


Jtest  "parameter  register  full"  tit 
Jidie  until  parm  reg  rot  full 

Jsend  next  parameter 

Jgo  see  if  tnere  are  more  parameters 


*  *  *  jgcjgc  jjc  *  age  *  *  «  *  V  *  sge*  *  *  *  *  *  *  W  *  V  V  V  V  *  *  *  *  V  V  **  *  ^  *c  s*  *  **  ajc 

a* 

v  Data  Areas 

*  * 

9  V  «  W  *  >;(  W  W  W  9  W  M  9  W  W  « «  W  9  W  V  «  « ^  «  9  W  ?  9  9  9  9  9 


data_of f set 

dse? 

org 

IF 

equ  offset  $ 

data_offset  {contiguous  witn 

ioader_oios 

f 

.  1 
f  l 

signon 

db 

i 

cr,if ,cr,if 

•  i 
t  t 

•  .  .  .  .. 

db 

'CF/V-fc6  Version  2. 2', or, if ,4? 

t 

1 

ENPIF 

* loader_Dio  s 

IF 

not  ioader_bios 

!  — ——— — 

•  i 

*  \ 

sign  on 

<X  0 

1 

\ 

crf  il*#crf  if 

cone  segment 


yz 


■■  <  . 


do  '  System  Dene ra tec  -  11  JanEl',cr,if,0 


SNDIF  >nct  loader_Oios 

cad_aom  do  cr» If ,  'Home  Error'. cr, if ,* 

ir.t_trp  db  cr ,  if ,' Interrupt  Trap  Halt '  ,cr,lf  ,0 

errtoi  dw  er0  ,erl  ter2,er3 
aw  er4,er5,erS,er? 
dw  erS ,ery  ,erA,er3 
dw  e rC , erD ,erE ,erF 

er4)  do  cr,  if, 'Null  Error  ??',0 
erl  equ  er0 

er2  equ  er0 

er3  equ  er0 

er4  db  cr.lf.'ClocK  Error  :',0 

erb  dfc  cr.  If, 'Late  D*A  :  '  ,ii 

erb  db  cr.if.'ID  CRC  Error  : ' ,  0 
er?  ib  cr, if, 'Data  CRC  Error  :',0 
erB  db  cr,  if, 'Drive  Not  Ready  .*',0 

ery  db  cr, if, 'Write  Protect  :',0 

erA  do  cr,if,'Trsc  00  Not  Found  :',0 
erB  db  cr, if, 'Write  Fauit  : ' ,  0 

erC  db  cr , if , 'Sector  Not  Found 

erD  eou  er0 

erE  equ  er0 

erF  eau  er0 

nrlymsg  equ  erB 

rtry_cnt  db  0  Jdisi  error  retry  counter 

last~com  dw  0  Jaddress  of  last  command  string 

dna_adr  dw  0  5dma  offset  stored  aere 

dma_seg  dw  0  »dma  segment  stored  aere 

seljrast  db  40a  Jseiact  masK,  40a  or  50a 

;  /arious  command  strings  for  13271 

i o_com  db  3  ; ien^ta 

rd~wr  db  0  Jread/wrlte  function  code 

trE  db  0  Jtraci  * 

sect  db  0  Jsector  # 

nom_com  db  2,29n,0  ,'none  drive  command 

rls_com  db  l,2cn  ,’read  status  command 

»  System  Memory  Seement  Table 

segtable  db  2  ;2  segments 

dw  tpa_se»  ; l s t  see  starts  after  BIDS 
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dw  tp<3_ien 
dw  20 00n 
lw  200011 


;and  extends  to  0b00fc 
Jsecond  is  20000  - 
53FFFF  ( 12fcK ' 

include  singles. hd  jread  in  aisx  definition 

1 0  c  _s  t  k  rw  32  Jiocal  stacic  for  initialization 
sttcoase  equ  offset  $ 

iastoff  equ  offset  $ 

tDa_se*  eau  (lastoff-|-0400n+i5^  /  lb 

tpa”ien  equ  0900n  -  tpa_ses“ 

at)  0  Jfiil  last  address  for  *2,\CVD 

•  ******  *******  ********  a*  ******  3*3553*5*  ******** 

;  *  * 

;*  Durrmy  Data  Section  * 

J  *  s* 

•  SSSJ*  WWWW  W  WV  wnmtww  w  VWW 

dseg  0  ;aosoiute  low  memory 

or?  0  » ( interrupt  vectors) 

int<J_offset  rw  1 

int2~segment  rw  1 

;  pad  to  system  call  vector 

rw  2W( bdos_int-l ) 

cios_offset  rw  1 

t>ios  segment  rw  1 

SND 
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